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ACed autoclaved 

AI autoinducer 

Amp ampicillin 

Bifido.  Bifidobacterium 

B. adolescentis Bifidobacterium adolescentis 

B. angulatum Bifidobacterium angulatum 

B. bifidum Bifidobacterium bifidum 

B. catenulatum Bifidobacterium catenulatum 

B. dentium Bifidobacterium dentium  

B. kashiwanohense Bifidobacterium kashiwanohense 

B. longum Bifidobacterium longum subsp. longum 

B. pseudolongum  Bifidobacterium pseudolongum subsp. pseudolongum 

B. scardovii Bifidobacterium scardovii 

B. sp. HM5-2 Bifidobacterium sp. HM5-2 

bp  base pair(s) 

BPB Bromophenol blue 

CFU colony forming unit 

CM conditioned medium 

ddH2O   double distiled water 

DEPC  diethylpyrocarbonate 

DNA  deoxyribonucleic acid 

DNase   deoxyribonuclease 

dNTP  deoxynucleoside triphosphate 

E. coli  Escherichia coli 

EDTA   ethylenediaminetetraacetic acid 

EGFP Enhanced GFP 

EtBr ethidium bromide 

EtOH  ethanol 

FITC  fluorescein-4-isothiocyanate 

GFP green fluorescent protein 

Gly glycine 

LB  Luria-Bertani 

MW  molecular weight 

NaOAc  sodium acetate 

OD optical density 



PAGE polyacrylamide gel electrophoresis 

PCR polymerase chain reaction 

PhOH phenol 

PPT promoter project team 

PTA phosphotungstic acid 

RNA ribonucleic acid 

RNase ribonuclease 

rpm revolutions per minute 

SDS sodium dodecyl sulfate 

Ser serine 

TCS two component system 

TE Tris-EDTA 

TEM Transmission Electron Microscope 

Tris tris(hydroxymethyl) amino methane 

Tyr tyrosine 
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a1b  c%  

! 123ßàváâã(äãå«ãæ3,ç�RKE(çè,6éêRK'Ì

ëìíHIîïðÔëñ°RK¼,ò0ó123K-12uôõáß��ö 4.6 Mbp

(÷ø DNA,òù¿ö(ôõá��ß 4453(úû�î©7yÓÔë¯0 (Fig. 

1, Table 1)(Blattner et al., 1997; Riley et al., 2006)óö(üý.þÿ,� 2825(úû

��!¯ëde"�Ù#îS$ÓÔë¯0óÿ°de"S$ß%ÓÔë¯%¯

î 1157 (úû��!¯ë¿ö( DNA &'()Ù#î*�ÓÔë¯0óÌ(Ì

+ù( 471 (úû��!¯ëß,-(Ù#./,ò0ó123úû�HIß²

!ïðÔë¯0�í((ð)0¿.1,n( 10 %2�(úû�(Ù#î./(

ÿÿ,ò0óúû�(,34$�5)%¯67(8!'Ìë¿de9���0

de÷:(;<=()(>?îÒ@)Ô0ó@A¿;<=,t3ßBC%÷:

��RÀÌë�ù¿ö(3nßD@0ME"EKË"ERKE"%F" j®

G�ë¯0óö(F" j�HÌ¿ôõá��§IÓÔ0J�(úû�(�(

)K×/0L(úû�®MN"�-./0O',RÖÌë¯0óÌ(Ì¿PQ

ÿ,ïðÔë¯0123úû�HI(R'STî��*+U,òù¿ÿ°12

3î��ÌV/¯÷:®W@°deU��04X,ò0óO(de÷:';<

÷:(>?îÙ#.4$%úû�îJ-ÖþÌë¯067'Ò@)Ô0ó 

Fig. 1. 123 K-12u(ôõá  

,² 4,639,221 bp(÷ø DNA,ò0óBlattner et al., 1997()Yj 
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Table 1. 123 K-12uôõá���0úû�(çZ  

Riley et al., 2006()Yj 

[!¿Quorum sensing (QS)'\ÓÔt3t�]©x^Á_7`a�(Öþîb

cÓÔ°óO( QS`wdá,ßt3î autoinducer(AI)'efÔ0t3ãgê6

�ç�®hÌ°t3]©x^Á_7`a�®'ië¯0óO(`wdá,ßt

3ß AI ®8:j3FÏklÌë�ù¿mn(t3(Öþo"îp¯ø¾1'

AIq"ßp¯ÿÿ,ò0î¿t3(Öþo"î�r/ÔföÔ�s¯ AIq"í

�r/0ót3ßO( AI(÷:�q"®t//0O',mn(t�o"®uv

Ì¿t�o"��ië;w(úû�-.®xMÓy¿-¢KL(zRV{z|

}~êá(½Â%T(}~®�/ó(Fig. 2)(Miller and Bassler, 2001)óì�� QS

(ÖþîbcÓÔ°(ß Vibrio fischeri���03(���sü¡¢KL(zR

,ò0(Nealson et al., 1970)óö(Í¿123¿��3¿�y��3%T,9B(

`wdá(ÖþîbcÓÔ°óQS ®Yñ�O/ AI �ß¯-!(¼Zîòù¿

Vibrio fischeriV��3%TJ-(àváâã3ß N-acyl homoserine lactone(AI-1)

®zRÌë¯0(Miller and Bassler, 2001)óÓ)�9�3¼,í acyl�(���(

�%0��¼( AI-1®zRÌë¯0óO( AI-1�ß8�3nFÏl°Í¿��

3n§��ù87ô�¤úû�(£�^£787'¹�/0O',úû�(-

Enzyme 1094 390

Transporter 337 254

Regulator 241 164

Membrane 43 210

Factor 150 60

Structural componet 89 37

Carrier 77 42

RNA 156

Lipoprotein 46

Cell process 56

Leader peptide 11

Psudogenes in common 74

Site (oriC) 1

Phage/IS in common 304

(including 15 psudogenes)

Partial information 146

Unknown function 471

Total 2825 1628

Experimental predictedGene type

4453



3 

.®��/0í('¿3n��,( two-component system(TCS)®hÌ°`àª

êû���ù87ô�¤úû�(-.®��/08z4îò0óO( AI-1ß�

�àváâã3],(©x^Á_7`a�®�hÌë¯0óÿ°�y��3%

T(àvá�ã3],ß���4�y®hÌ° QSîbcÓÔë¯0(Miller, M., 

and Bassler, B., 2001)ó���4�yß TCS®hÌ°`àªêû���ù87ô

�¤úû�(-.®��Ìë¯0óÓ)�123V Vibrio harveyiß AI-1'ß�

%0AI-2'\ÓÔ0 furanosyl borate diester®zRÌë¯0(Sperandio et al., 2003)ó

AI-2ßt�( TCS®hÌ°`àªêû���ù87ô�¤úû�(-.®��

Ìë¯0óAI-2(��n,ò0 4,5-dihydroxy-2,3-pentanedione(�Âß LuxS�

�ùïðÔ0î¿O( LuxS®©7y/0 luxSúû�ßàváâã3¿àvá�

ã3� ÖÓÔë¯0(Bassler and Losick, 2006)óOÔ)(O'()àváâã3

-àvá�ã3](©x^Á_7`a�®�hÌë¯0ó2�(�ü� QS `w

dáßBC%t3�ÖþÌë�ù¿t3ß¡¢,£¯�©x^Á_7`a�®

'ù¤¥"�¦c®íiëR§Ìë¯0O'î�¨Ìë¯0ó 

Fig. 2. �|vá©�`�à`wdá(ª6

t3t�îpo",ß AI q"ßp¯ø¾1î¿t3î��Ì«o"�%0' AI q"í�r/

0óAI q"î¬­®®@0'¿¯:(úû�-.®°<Ì¿{z|}~êá(½ÂV-¢.±

%Tî�ñ0ó  

High density!

autoinducer 

Low density!

Biofilm! Luminescence!
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! 123ßö(²(äù¿;<=,ß��~K2§�R§Ìë¯0t3,ò0ó

~K2§�ß123(È�í|}~�w3¿³´3¿µ��3'¯i°BC%

2§t3îJ�R§Ìë�ù¿öÔ)î£¯�ÐÑÌ�¯2§}57v®½Â

Ìë¯0 (¶· ¸ 2004)óJ�(t3îR§Ìë¯0~K2§,ß QS ®¹º

»¼"%t3]©x^Á_7`a�`wdáî½¯ë¯0O'îÒ@)Ô0ó 

! �J-Öþ/02§t3(�,í123'9B�~K12�J-R§/0t

3'Ìë|}~�w3î}¾)Ô0ó|}~�w3ßàvá�ã3(¿ãå«

ãæ3,ò0óÿ°æ3'ÓÔ0îÀ:½(t3,òù¿Á!�çÂ/0�ü

%½®'0O'îò0 (Fig. 3)ó|}~�w3ßJ�(~K(2§¿Ã¿ÄÅ¿

ÆÇ()íÈ?ÓÔë�ù¿É¤ BA(|}~�w3ß .þ 9 ¼Z

(Bifidobacterium adolescentis, Bifidobacterium angulatum, Bifidobacterium bifidum, 

Bifidobacterium breve, Bifidobacterium catenulatum, Bifidobacterium infantis, 

Bifidobacterium longum, Bifidobacterium parvulorum, Bifidobacterium 

pseudocatenulatum)îÈ?ÓÔë¯0ó 

Fig. 3. B. longum(��������´Ê  

! @HI,ßPÿ,ïðÔëñ°de9÷:�ùí;<÷:�[¯2§÷:®

Ë:Ì°|}~�w3'()*+U,de®ïüO',¿./,òi°123

úû�(Ù#4$®^;/''í�¿Ì°%t3]©x^Á_7`a�`wd

á(4$®^Í'Ì°ó

!" : ! 5000! 1.0 µm!
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a2b  defg'hC  

2-1. ijkl  

 2-1-1. ABCMmn*o  

 1L( ddH2O�HÌ ABCM BROTH(ÎHME�)® 42 g(Ï�,Ð4Óy¿Ñ

vw(­Ò^7áÓ�¯Ô|7¤�£7��ë 121ºC, 21çÔ3Ì¿ÄÕ, 

ÖÌ°óÖ6��ðyë 100 mg/mL( AmpÐm®×q" 100 µg/mL,ØÙÌë

ÚjÌ°óÛRKL®ØÙÌ°Ü(*o(ÚjÅÝß 1 Þß'Ì¿ÿ° 4ºC ,

 ÖÌ°ó 

 

 2-1-2. BLpq*o  

 1L( ddH2O(�i°}vw©� BL AGAR(ÎHME�)® 60 gÐ4Óy¿|

7¤�£7��ë 121ºC, 21çÔ3Ì¿50ºCQ"ÿ,àáÌ°óàáÍ¿5 vol%

(Ï�,âãäåæm(Q@{z|dw¤HIç�)®ØÙÌ¿�-è�Ìë()

`é7£� 20 mLQ"0!çêÌëàáÌ°ó*oîëMÌ°)`é7£§(

¹ì®íîÓyë()ï��Ô 4ºC , ÖÌ°óO(pq*o(ÚjÅÝß 2

Þß'Ì°ó 

 

 2-1-3. LBmn*o  

 BACTO TRYPTON(DIFCO)® 10 g, BACTO YEAST EXTRACT(DIFCO)® 5g, 

NaCl® 10g, 5 N NaOH® 0.75 mL® ddH2O�Ð4Ì,ðj® 1L��Ô¿Ñvw

(­Ò^7áÓ�¯Ô|7¤�£7��ë 121ºC, 21çÔ3Ì¿ÄÕ, ÖÌ

°óÖ6��ðyë 100 mg/mL( AmpÐm®×q" 100 µg/mL,ØÙÌëÚj

Ì°óÛRKL®ØÙÌ°Ü(*o(ÚjÅÝß 1Þß'Ì¿4ºC, ÖÌ°ó 

 

 2-1-4. LBpq*o  

 BACTO TRYPTON(DIFCO)® 10 g, BACTO YEAST EXTRACT(DIFCO)® 5g, 

NaCl® 10g, BACTO AGAR(DIFCO)® 15 g, 5 N NaOH® 0.75 mL® 1L( ddH2O

(�i°}vw©�Ù@è�Ì¿|7¤�£7��ë 121ºC, 21çÔ3Ì¿60ºC

Q"ÿ,àáÌ°óOO,Ö6��ðyë 100 mg/mL( AmpÐm®×q" 100 

µg/mL,ØÙÌ°óàáÍ¿`é7£� 20 mLQ"0!çêÌëàáÌ°ó*

oîëMÌ°)`é7£§(¹ì®íîÓyë()ï��Ô 4ºC , ÖÌ°ó

ÛRKL®ØÙÌ°Ü(*o(ÚjÅÝß 1Þß'Ì°ó 
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 2-1-5. 100 mg/mL Amp 

15 mL(�^7�(IWAKI�)�ñ�ò`¥�ª¤¥�á® 1 góù�Ô¿öO�

ddH2O®�^7�(^ôù( 10 mLÿ,�Ôëõ,�Ð4/0ó_�Ð4m®

10 mL(`¥�Ò(dê6�)'!0.22 mm( Cellulose Acetate}~ê87(DISMIC

�)®Ú¯}~ê87Ô3ÌëÌÌ¯ 15 mL�^7��öÌ¿4ºC, ÖÌ°ó

ÚjÅÝß 1Þß'Ì°ó 

 

 2-1-6. 0.1 M CaCl2 

! 80 mLQ"( ddH2O®�Ô°|7÷7� CaCl2EH2O® 14.7 g�Ôw87v7

,øùÌÐ4Óy°óÐ4Í¿­w`¥�¦7�Ðm®öÌ¿ ddH2O ®Ù@ë

,ðj® 100 mL�Ì°óÑvwÓ�öÌ¿|7¤�£7��ë 121ºC¿21ç(

Ô3®ï¯¿ö(Í 4ºC, ÖÌ°ó 

 

 2-1-7. 0.1% DEPC water 

 ÑvwÓ� 1 L( ddH2O®�Ô¿öO� DEPC® 1 mLÙ@Ó®oúÌë�

-è�Ìë() 2 Ã]2�ÄÕ,kûÌ°óÓ(ü°®ýÌþ0ÿë()|7

¤�£7��ë 121ºC¿21ç(ÊË®ï¯.!×ç( DEPC®ç4"-Óy°ó

|7¤�£7�ÍßÄÕ, ÖÌ°ó 

 

 2-1-8. 0.5 M EDTA(pH 8.0) 

! |7÷7��i° 350 mLQ"( ddH2O� EDTA 2Na!2H2O® 93.06 gÙ@¿

w87v7,øùÌ%î) pH­787, pH(�:®¶ÿ°ó5 N NaOH®Ð

m�(#nî,ëÐ�ëÓ)� pHî 8.0�%0ÿ,Ù@°ó­w`¥�¦7�

öÌ ddH2O®Ù@,ðj® 500 mL�Ì°óö(Í¿ÑvwÓ�öÌ|7¤�£

7��ë 121ºC, 21çÔ3Ì¿4ºC, ÖÌ°ó 

 

 2-1-9. 70% EtOH 

! ­w`¥�¦7� EtOH® 70 mL�Ô¿ddH2O,,ðj® 100 mL'Ì°óÑ

vwÓ,ÄÕ ÖÌ°ó 

 

 2-1-10. 60% Glycerol 

 ­w`¥�¦7� 60 mL( Glycerol®�Ô¿ddH2O®Ù@,ðj® 100 mL

�Ì°óö(Í¿ÑvwÓ�öÌ|7¤�£7��ë 121ºC¿21 ç(Ô3®ï
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¯¿ö(Í 4ºC, ÖÌ°ó 

 

 2-1-11. 5 N HCl 

! 12 N HCl®­w`¥�¦7, 40 mLóù$ù¿ddH2O(�i°|7÷7�Ù

@ë¯ñ,j® 96 mL�/0óÑvwÓ��ÔÄÕ, ÖÌ°ó 

 

 2-1-12. H2Ors PhOH 

 50 mL(�^7��¹% PhOH® 50 mL(^ôùÿ,�Ô¿öO� 0.1% DEPC 

water®�^7�( 50 mL(^ôùÿ,Ù@¿60ºC(&Õ',Ð4Óy°óö(

Í¿()' PhOH )îõ,�ç?/0ÿ, 4ºC ,kûÌ°ó Öí 4ºC ,ïi

°ó 

 

 2-1-13. 5 N NaOH 

! *ø NaOH®×q" 5 M'%0�ü ddH2O�Ð4Ì¿4vw���ð+��

ÔÄÕ, ÖÌ°ó 

 

 2-1-14. 1M NaOAc 

 |7÷7��i° 400 mLQ"( ddH2O� NaOAc® 41 gÙ@Ð4Ì°Í¿­

w`¥�¦7�öÌ,ðjî500 mL%0ÿ,ddH2O®Ù@°óÑvwÓ�öÌ¿

|7¤�£7��ë 121ºC, 21çÔ3Ì¿4ºC, ÖÌ°ó 

 

 2-1-15. 3 M NaOAc 

 |7÷7��i° 400 mLQ"( ddH2O� NaOAc® 123 gÙ@Ð4Ì°Í¿

­w`¥�¦7�öÌ,ðjî 500 mL%0ÿ, ddH2O®Ù@°óÑvwÓ�ö

Ì¿|7¤�£7��ë 121ºC, 21çÔ3Ì¿4ºC, ÖÌ°ó 

 

 2-1-16. 1% PTA 

 15 mL(�^7���i° 8 mL( ddH2O� PTA(nacalai tesque)® 0.1 gÐ4Ó

y¿pH­787, pH®�:Ì%î) 5N NaOH, pH 7.0���Ì¿ö(Í�

^7�(^ôù, 10 mLÿ, ddH2O®Ù@è�Ìë 4ºC, ÖÌ°ó 

 

 2-1-17. 10% SDS 

 |7÷7��i° 450 mLQ"( ddH2O� SDS® 50 gÐ4Óy°Í¿ddH2O
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,,ðj® 500 mL�ÌÑvwÓ�öÌëÄÕ, ÖÌ°ó 

 

 2-1-18. Solution A 

 ÑvwÓ� 455 mL( 0.1% DEPC water¿10 mL( 0.5 M EDTA(pH 8.0)¿10 mL

( 1 M NaOAc¿®Ù@|7¤�£7��ë 121ºC, 21çÔ3ÌÄÕÿ,àáÌ

°Í¿25 mL( 10% SDS®Ù@è�Ì¿ÄÕ, ÖÌ°ó 

 

 2-1-19. 50X TAE buffer 

 |7÷7� 500 mLQ( ddH2O�Ô¿Tris® 242 g¿Acetic acid® 57.1 mL¿0.5 

M EDTA(pH 8.0)® 100 mL®Ù@õ,�Ð4Ìë()¿­w`¥�¦7�öÌ

ddH2O®Ù@ë,ðj® 1 L�Ì°óÐm®ÑvwÓ�öÌÄÕ, ÖÌ°ó 

 

 2-1-20. 1X TAE buffer 

 ­w`¥�¦7� 50, TAE® 20 mL®�Ô¿ddH2O,,ðj® 1 L�Ì°ó

ÄÕ, ÖÌ°ó 

 

 2-1-21. 10X TBE buffer 

 |7÷7� 800 mLQ( ddH2O�Ô¿Tris® 108 g¿Boric acid® 55 g¿0.5 M 

EDTA(pH 8.0)® 40 mL®Ù@õ,�Ð4Ìë()¿­w`¥�¦7�öÌ ddH2O

®Ù@ë,ðj® 1 L�Ì°óÐm®! 0.22 mm}~ê87(IWAKI)�ë-�Ì

ë.x®$ù/¯ë()ÑvwÓ�öÌÄÕ, ÖÌ° 

 

 2-1-22. 1.2X TBE buffer 

! ­w`¥�¦7� 10! TBE® 120 mL®�Ô¿ddH2O,,ðj® 1 L�Ì°ó

ÄÕ, ÖÌ°ó 

 

 2-1-23. TErs PhOH 

 ñêxÁ�á0,1¢Ì°|7÷7�¹% PhOH® 500 g¿8-hydroxyquinoline

® 0.5 g¿0.5 M Tris-HCl(pH 8.0 at 4ºC)® 500 mL�Ô¹% PhOHîÐ4/0ÿ,

60ºC(&Õ'§��¯°ó¹% PhOHÐ4Í¿ 4ºCÿ,àáÌ¿w87v7,

30çQ"øùè�Ìë PhOH)� Tris-HCl®Ð�2ÿy°óö(Í83 4ºC,

kûÌë PhOH )'()®õ,�ç?Ì¿()®ñwò£787,4YÌ/5

Ì°ó_��� 0.5 M Tris-HCl(pH 8.0 at 4ºC)® 500 mL�Ôw87v7, 30çQ
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"øùè�Ì PhOH)� Tris-HCl®Ð�2ÿy°ópH­787,Ðm( pH®

�:Ì¿pH 7.8 2�,ò0O'®6uÌ°ópH 7.8 271i°8�ß83 4ºC

,kûÌë PhOH )'()®õ,�ç?Ì¿()®ñwò£787,4YÌ/

5Ìë() 0.1 M Tris-HCl(pH 8.0 at 4ºC)® 500 mL�Ôw87v7, 30çQ"ø

ùè�Ì°ópH 7.8 2�,ò0O'î6u,ñ°)83 4ºC ,kûÌë PhOH

)'()®õ,�ç?Ì¿()®ñwò£787,4Y/5Ì+i° PhOH )

®Ñvw�(1¢Ó�öÌ¿0.1 M Tris-HCl(pH 8.0 at 4ºC)® PhOH)®9üÿ,

Ù@°óìÍ� PhOH)'Ù@° 0.1 M Tris-HCl(pH 8.0 at 4ºC)(�ón»�HÌ¿

×q" 1 mM'%0�ü 0.5 M EDTA (pH 8.0)®ØÙÌ�-è�Ì°Í 4ºC, 

ÖÌ°ó 

 

 2-1-24. 0.1 M Tris-HCl (pH 8.0 at 4ºC) 

 |7÷7��i° 700 mLQ"( ddH2O� Tris® 12.11 gÙ@w87v7,ø

ùÌëÐ4Óy°ó1ñÿ(ð+�:(® ù¿öO�|7÷7®ûñw87

v7,;Ì%î)àáÌ¿pH­787, pH'Õ"®�:Ì%î)¿4ºC, pH 8.0

�%0�ü 5N HCl,�WÌ°óö(Í¿Ðm(,j® ddH2O, 1 L�ÌëÑv

wÓ�öÌ¿|7¤�£7��ë 121ºC, 21çÔ3Ì¿4ºC, ÖÌ°ó 

 

 2-1-25. 0.5 M Tris-HCl (pH 8.0 at 4ºC) 

 |7÷7��i° 700 mLQ"( ddH2O� Tris® 60.55 gÙ@w87v7,ø

ùÌëÐ4Óy°ó1ñÿ(ð+�:(® ù¿öO�|7÷7®ûñw87

v7,;Ì%î)àáÌ¿pH­787, pH'Õ"®�:Ì%î)¿4ºC, pH 8.0

�%0�ü 5N HCl,�WÌ°óö(Í¿Ðm(,j® ddH2O, 1 L�ÌëÑv

wÓ�öÌ¿|7¤�£7��ë 121ºC, 21çÔ3Ì¿4ºC, ÖÌ°ó 

 

2-2. t3u  

! @HI,ß123 K-12 u' 11 ¼Z(|}~�w3u®ÚjÌ°ój¯°,

ë(t3u® Table 2��/ó 

 

2-3. 4vwxy'4vz{7  

! @HI,j¯°4vwxy'4vz{7®Table 3��/óPPT�57�ß904

¼Z(123456787îGFP®£<787úû�'Ìë=!pGRP>�87

��57�MÓÔ°©�¤,ò0(Makinoshima et al., 2002)ó,PPT�57�(�

vwxy��Ú?�j¯°4vz{7ßTable S1(@A�BC)��/ó 
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Table 2. ÚjÌ°3u  

 

 

Table 3. ��ÚjÌ°4vwxy��4vz{7  

 

 

2-4. 123'|}~�w3(��*+  

! @HI,ß¯�Dùî%¯Ýù¿�*+�!¯ëß¿123ßpq*o�½

ÂÌë¯0©5Á7()¿|}~�w3ß-80ºC,E¹ ÖÓÔë¯0í(()

FGH,*+m�I3Ì°óÿ°J«KL,(t3(mn*o*+ß 37ºC(&

Õ', 160 min-1(M'ü*+,ï¯¿pq*o(*+ß 37ºC(z�N^>78

7(O{¤JE� ICL300),ïi°óP�å«KL,(t3(mn��pq*o

*+ß Coy Laboratory�Vinyl Anaerobic Chambers( 37ºC(z�N^>787§

E. coli W3110 F-, !-,  IN(rrnD-rrnE)1 Jishage & Ishihama, 1997

E. coli DH5a F-, !80dlacZ"M15, "(lacZYA-argF)U169, deoR,
recA1, endA1, hsdR17(rK-, mK+), phoA, supE44, !- , thi-
1, gyrA96, relA1

Takara

E. coli BW25113 #(araD-araB)567, #lacZ4787(::rrnB-3), !-, rph-1,
#(rhaD-rhaB)568, hsdR514

Haldman & Wanner, 2001

E. coli BW27553 BW25113, "(baeS-baeR)579 Zhou et al., 2003

E. coli BW27559 BW25113, "(cpxA-cpxR)623 Oshima et al., 2002

E. coli JW5437 BW25113, #rpoS Baba et al., 2006JW5437

15703

B. adolescentis Intestine of adult ATCC 15703

B. angulatum Human feces ATCC 27535

B. bifidum Feces of breast-fed infant ATCC 29521

B. catenulatum Human feces ATCC 27539

B. dentium Dental caries ATCC 27534

B. kashiwanohense Faeces of  healthy infant JCM 15439T

B. longum subsp. longum Intestine of adult ATCC 15707

B. pseudocatenulatum Feces of infant ATCC 27919

B. pseudolongum subsp. pseudolongum Swine feces ATCC 25526

B. scardovii Human blood, Sweden ATCC BAA-773

B. sp. HM5-2

Escherichia

Strain

Bifidobacterium

Characterization or Source Institute No. or Reference

pGRP gfp reporter vector

pGRN104 pGRP, yjbJ-gfp

pGRK252 pGRP, proX-gfp

pGRH313 pGRP, ygiT-gfp

Anti-EGFP 5'!AGGGTCAGCTTGCCGTAGG!3'

EGFP-anti-FITC 5'!AGGGTCAGCTTGCCGTAGG!3'

Name Characterization and Sequence

Plasmid

Primer
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,QûÌëï¯¿CO2 å«KL,(3(mn��pq*+ßÊR<�4' CO2

ÑwS�>��ù§T® CO2�ûUÌ°å«Òé7® 37ºC(z�N^>787

(SANYO � MOV-112S)�Qû/0O',ïi°ót3(����ßVWó

(TAITEC�Mini photo 518R)®j¯ë OD600��ië*+mX"®�:Ì°ó 

 

2-5. 123'|}~�w3()*+���0����'*+m pH(�:  

ABCM*o 5 mL�123'|}~�w3®P�å«KL7( 37ºC,83�

*+®ïi°óö(Í¿Ì°% ABCM *o�¿I3/0*o(ðj�HÌ 100

ç( 1j(»3(�*+m®ØÙÌ¿P�å«KL7( 37ºC�ë@*+®ïi

°óÿ°¿2¼Z(3®è�Ì°)*+,ïü8��ß 200ç( 1(ðj0! 2

¼Z(3(�*+m®Ù@P�å«KL7( 37ºC�ë@*+Ì°ó@*+®µ

¶Ì°Ã]® 0Ã]'Ìë 24Ã]ÿ,YÃ"�����'*o pH®6Á87

Ì°ó*+m pHß pHkeZ®j¯*+m 30 µL®[7ÌëkeZ(W®\]

,^D/0O',�:Ì°ó 

 

2-6. CFU/mL��0*+m�(R3�(�:  

R3�®6u/0t3*+m®_`ab, 104 ~ 108c�abÌ°ó_`abß

1.5 mL�^7�� 900 µL( ABCM*o�HÌ 100 µL(*+m®è�/0 10

cab®_`"�ï¯»ab"(3Ðm®d°ód)Ô°»ab"(3Ðm 100 

µL®BLpq*o�efÌëCO2å«KL7(37ºC,24~48Ã]*+®ïi°ó

*+Í¿½ÂÓÔ°©5Á7®÷��¤Ìëabg'efÌ°Ðmj()

CFU/mL®hlÌ°ó 

 

2-7. 123��|}~�w3*+����0 CM��  

CM® �/0t3® ABCM*o 5 mL¿P�å«KL7( 37ºC,83�*

+Ì°ó_� 300 mL(}vw©��i° ABCM*o 100 mL��*+m® 1 mL

�Ô¿å«KL7�ë24Ã]*+Ì°ó*+Í¿*+m®50 mL �^7�iIWAKI

�j�çêÌ¿klÙ(¤x7mG�MX-300), 4000 rpm¿10ç¿4ºC,klç

?Ì°óklç?Í¿��® 300 mL|7÷7�;nÌ°ó;nÌ°*+m��

( pH® pH­787iHORIBA�j,6uÌ%î) 5N NaOH®ØÙÌë pH 7.2

���Ì°óÔ3íîop( 100 mLklÓ�$ùB�°! 0.22 nm(}~ê8

7iIWAKI �j®ÊR<�4,Y¯ëä/O',}~ê87Ô3®ïi°óö

(Í¿9Õ, qÌ°óÚjÃß¿20! ABCM*o' 100 mg/mL ( AmpÐm®

öÔrÔ×q" 0.5!' 100 µg/mL�%0�üØÙÌ°ó 

! ÿ°ÉÊËÌ° CM(��ß�s,��Ì° CM®|7¤�£7�(¤x7m
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G� LSX-300)�ë 100ºC, 10ç]ÊË/0O',ïi°ó 

 

2-8. ����������0t3t�(��  

! ��Ì°¯t3*+m' 1% PTA®��/0t��uj0! 1.5 mL(�^7

�§,è�Ì¿ö(è�m 10 µL®��jà¥�y(QÌ EM�©5Ò|�vw

B­�`^)��x�%0�ü�yy¿ö(ø¾, 1~2ç]QûÌ°ó_�¿Z

�zw(Q@�Z�£`ñ�Ná{z4 ),à¥�y�l()8«�(«®4¯

$i°Í¿�çQûÌëíîÓy0ó��jà¥�y�|(©5Ò|�vß}

ÔV/¯O'()¿~¯ßmoò�©�¤�ë���ïi°ó 

TEM(Q�� H-7650)(à¥�y����Ì°kgà¥�y®ë:Ì¿ö(à

¥�y��' TEM (kg��©�¤Ìë��®ïi°ó���(Ù���ß

100 kV,ïi°ó 

 

2-9. PPT�57�( �  

! PPT�57�ß 904¼Z(123456787î GFP®£<787úû�'

Ìë=! pGRP >�87��57�MÓÔ°©�¤,ò0óO( PPT �57�

(123½L³Un®j¯0O'��ù123(456787-.® GFP(¡

¢��ù]�"��:,ñ0ó27ß123úû�456787® pGRP >�

87��57Á�à/08�"%�Ô,ò0(Fig. 4)ó 

ÿ0123W3110ôõá�(�57Á�àÌ°¯123456787��®

PCR��ië��Ì°ó0.2 mL(�^7����'%0 DNAÐm®×q" 0.5 

ng/ µL¿10! EX taq buffer (Takara�)®×q" 1!¿2.5 mM dNTP®×q" 0.2 mM¿

��Ì°¯123456787���)�"�¹�/0 100 mM ( forward '

reverse( 2¼Z(4vz{7(Table S1)®×q" 0.5 mM¿5 U/µL( EX taq(Takara

�)®×q" 0.025 U/µL,è�Ì¿ddH2O��ù,ðjî 100 mL'%0�ü�

�Ì°óO(�^7�® PCR�û(Applied Biosystems�)��Ô PCR®ïi°ó

PCR(KLßÿ0 95ºC, 5ç(ÙÉ®ï¯¿_� 95ºC, 50ºC, 72ºC( 3Õ"®

» 30�, 30¬z�ê¿72ºC, 1ç¿ìÍ� 10ºC�Õ"®7¾ë×�Ì°óPCR

zKßÚj/0ÿ,-30ºC,E¹ ÖÌ°ó 

! PCRÍ¿!×Ðm®ñÑ57wôê�«�~�(�¿̂ "( DNAD�î��

,ñë¯0(6uÌ°óÿ0 1% ñÑ57wôê® �Ì°ó�«�~j¯�

klñÑ57wiª÷vzdw�j® 1! TAE� 1%�%0�üÙ@¿��£�

Ò,Ð4Ì°ó� 50ºC ÿ,àáÍ¿�«�~�û(Mupid-2 plus)�B�Ìë¯0

����Ì2S1ó�Ì2S1)�Î-©7á®�Ì¿ö(ø¾, 30ç2�Q

ûÌëõ,�ëMÓy°óõ,�ëMÌë()©7á®���u%�,þi-
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ùYñ�¯°ó_�õÂÌ°ôê®�«�~'�ûñ¿ôê�|î9ðÔ0ÿ

,1! TAE®ê¯1ó©7á,!-i°��ê®{z�5ò��¤,� Ì°Í¿

��ê�DNAÐm 5 µL'kgÐm( 6ç( 1ðj'%0 BPBÐm 1 µL®è�

Ì°ó 6 µL®ØÙÌ°óÿ°kg®�Ô°¡(kg¢� DNA¬z�{7÷7

'Ìë 50 ng/µL( "/HindIII® 2 µL®ØÙÌ°ó�~�û��£®!%¤¿100V

,�~®µ¶Ì BPBÐm({�yîôê( 3ç( 2Q"ÿ,ñ°'O¥,�~

®¦ÿ°ó�~Í¿ñÑ57wôê® EtBrÐm, 5ç]§WÌ¿ö(Í¿FAS-III 

(TOYOBO�)�ë¨F�®©ªÌëDNA�� RNAD���ù2S1 EtBr(¡

¢®«lÌ°ó 

 ñÑ57w�«�~��ië DNA (��î6u,ñ° DNA Ðm�HÌ

PhOH¬l' EtOH­®®ï¯¿DNA®m�Ì°óDNAÐm(ðj�HÌë 1/2

ðj( TErs PhOH'�55gêá®Ù@ vortex mixer,¯Ì-øùÌ¿kl

Ù, 12000 rpm¿1ç¿4ºC,klç?Ì()®;nÌ°ó;nÌ°()(ðj

�HÌ�55gêá®ujÙ@vortex mixer,¯Ì-øùÌklÙ,12000 rpm¿

1ç¿4ºC,klç?Ìë()®;nÌ°óO(()(ðj�HÌ 1/10j( 3 M 

NaOAc' 2.5cj( EtOH®Ù@ vortex mixer, 20�2�¯Ì-øùÌ¿kl

Ù, 14000 rpm¿15ç¿4ºC,klç?Ìë DNA®­®Óy��®ñwò£7

87,/5Ì°ó_� 70% EtOH® 100 µL Q(�Ù@ëklÙ, 14000 rpm¿5

ç¿4ºC ,klç?Ìë DNA ®­®Óy��®/5Ì¿klq°�û(TAITEC

� VC-15SP)�ë 2~5 ç]íîÓy°óíîÍ¿Új/0ÿ,-30ºC ,E¹ Ö

Ì°ó 

 m�Ì° DNAD�' pGRP(±²®³Ý´���iëµDÌ°ó³Ý´�ß

pGRP(�57Á�à¬z¤(±²'%0¿BglII'EcoT22I(Takara�)®j¯°ó

m�Ì° DNA® 178 µL( ddH2O�Ð4Ì¿Új/0³Ý´��B�/0 10! H 

buffer®×q" 1! '%0�ü 20 µLÙ@Q(�è�Ì°óO(Ðm� BglII'

EcoT22I(³Ý´�Ðm®öÔrÔ 1 µLØÙÌ{z�5ò��¤,è�Ì 37ºC 

(&Õ',¶Ã]!×Óy°ópGRP (³Ý´�ÊËß 3 Ã]ïi°óBglII '

EcoT22I ß9� 10! H buffer,·ã®d0°ÿ 2¼Z(³Ý´�ÊË®9Ã�ï

@°ó!×Í PhOH¬l' EtOH­®�ë DNA®m�Ì°óDNAÐm(ðj�

HÌë 1/2ðj( TErs PhOH'�55gêá®Ù@ vortex mixer,¯Ì-ø

ùÌ¿klÙ, 12000 rpm¿1ç¿4ºC,klç?Ì()®;nÌ°ó;nÌ°

()(ðj�HÌ�55gêá®ujÙ@vortex mixer,¯Ì-øùÌklÙ,

12000 rpm¿1 ç¿4ºC ,klç?Ìë()®;nÌ°óO(()(ðj�HÌ

1/10j( 3 M NaOAc' 2.5cj( EtOH®Ù@ vortex mixer, 20�2�¯Ì-

øùÌ¿klÙ, 14000 rpm¿15ç¿4ºC,klç?Ìë DNA®­®Óy��

®ñwò£787,/5Ì°ó_� 70% EtOH® 100 µL Q(�Ù@ëklÙ,
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14000 rpm¿5ç¿4ºC,klç?Ìë DNA®­®Óy��®/5Ì¿klq°

�û(TAITEC� VC-15SP)�ë 2~5ç]íîÓy°óm�Ì° DNAÐmß-30ºC

,E¹ ÖÌ°ó 

 ³Ý´�ÊËÌ° DNAD�' pGRP®vzô7`a�Ì°ópGRP� 10 µL

( ddH2O�Ð4Ì°m� DNAD�Ðm 4 µL' 50~100 ng/µL pGRP® 1 µLè�

Ì¿öO� DNA Ligation Kit ZMighty Mix](Takara�)( Ligation mix® 5 µLØ

ÙÌ¿ò��d~�à,Q(�è�Ì¿16ºC (&Õ', 30ç~16Ã]!×Óy

°ó 

! vzô7`a�Íßtý� DH5"�½L³U®ïi°óö(L¿¸�� DH5"

©�òd�¤©ê® �Ì°ó©�òd�¤©ê® �/0123 DH5"® 5 

mL( LB*o�ëJ«KL7( 37ºC,83�*+Ì°ó_��*+m®Ì°�

��Ì° LB*o 10 mL� 100 µLÙ@ëI3Ì@*+®J«KL7( 37ºC,ï

i°ó*+m(X" OD600î 0.2~0.3�%0ÿ,*+Ì°Í¿*+m® 15 mL(

�^7�(IWAKI �)�öÌ¿klÙ, 4000 rpm¿20 ç¿4ºC ,klç?Ì3®

­®Óy��®/5Ì°ó­®Ì°3® 1 mL( 0.1 M CaCl2E2H2O,¹XÌ 1.5 

mL(�^7��öÌ°�,:�� 10ç]�¯°óö(Í¿klÙ, 15000 rpm¿

5 ç¿4ºC ,klç?Ì3®­®Óy��®/5Ì°'O¥� 200 µL ( 0.1 M 

CaCl2E2H2O' 130 µL( 60% Glycerol®Ù@ò��d~�à,ºV(�è�Ì

°óÌÌ¯ 1.5 mL(�^7� 2@� 100 µL0!çêÌ¿+ù®ÛRKL(ØÙ

ÓÔ° LBpq*o�efÌëJ«KL7( 37ºC,*+/0O',©�8x�

Ìë%¯((����®ïi°ó 

 ½L³Ußÿ0¿-80ºC,àEÓÔë¯0½L³U®ïü©�òd�¤©ê(

�i° 1.5 mL(�^7�®:��ûñþi-ù4EÌ°ó4EÌ°©�òd�

¤©ê�½L³U/04vwxyÐm® 50 ngçÙ@¿ò��d~�à,Q(�

è�Ì:�, 10ç]QûÌ°ó_� 42ºC(&Õ'� 45�]Ó)ÌÉ7¤`a

��®ï¯¿tý� 1 mL( LBmn*o®Ù@ 37ºC(&Õ', 30çQ"*+

Ì°ó*+Í¿klÙ, 12000 rpm¿5ç¿4ºC,klç?Ì3®­®Óy°ó

� 1.1 mL(*+��(üý 0.9 mL®/5Ìë¿+i°*+��,­®Ì°3®

¹XÌë 100 µg/mL(Amp®¹º LBpq*o�efÌJ«KL7( 37ºC,8

3*+Ì©5Á7®½ÂÓy°ó 

! ©5Á7®½ÂÌ°½L³Un�^"(DNAD�î»�ÓÔë¯0(®6u

/0L�©5Á7PCR®ïi°ó0.2 mL(�^7�� 10! EX taq buffer (Takara

�) ®×q" 1!¿2.5 mM dNTP®×q" 0.2 mM¿Anti-EGFP4vz{7®×q

" 0.5 mM¿5 U/µL( EX taq(Takara�) ®×q" 0.025 U/µL,è�Ì¿ddH2O

��ù,ðjî 10 µL '%0�ü�Ì°ó_�¿kg'%04vwxy® =

Ìë¯0123(pq*o�(©5Á7®Ô3Ì°¼½¾,ò��ñ�4Ì¿
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�s,��Ì° 0.2 mL(�^7��¹XÌ°óÿ°¿ö(¼½¾, 100 µg/mL

( Amp®¹ºÌ°% LBpq*o�w<�¤Ì©5Á7®��Ì°ó©5Á7

®¹XÌ° 0.2 mL(�^7�® PCR�û(Applied Biosystems�)��Ô PCR®

ïi°óPCR(KLßÿ0 95ºC, 5ç(ÙÉ®ï¯¿_� 95ºC, 50ºC, 72ºC( 3

Õ"®» 30�, 30¬z�êï¯¿ìÍ� 72ºC, 5ç!×Óy¿10ºC�Õ"®

7¾ë×�Ì°óPCR Í¿!×Ðm® 1% ñÑ57wôê�«�~�(�¿^

"( DNAD�î��,ñë¯0(6uÌ°ó 

! ©5Á7PCR �ë LB pq*o�w<�¤Ì°©5Á7()¬lÌ°¯4v

wxy® =Ìë¯0123®LB*o 5 mL�I3ÌJ«KLM( 37ºC,83

*+Ì°ó*+Í¿*+m 2 mL® 2 mL�^7���Ô¿klÙ, 12000 rpm¿

5ç¿4ºC,klç?Ì3®­®Óy��®/5Ì°óO( 2 mL(�^7��

�� 2 mL(*+m®�Ô9B�klç?Ì3®­®Óy��®/5Ì°ó�3

/0°ÿ­®� 1 mL( ddH2O ®Ù@¹XÌë�"9KL,klç?Ì3®­

®Óy��®/5Ì°óOO()ß QIAprep Spin Miniprep Kit (Quiagen�)®Ú

jÌ¬lÌ°ó2¿(klß,ë Kit B�À(kl,ò0ó­®Ìë¯03®

Buffer P1® 250 µLÙ@¹XÌ°ó_� Buffer P2® 250 µLÙ@³ÁèsÌ¿Â

�ë Buffer N3® 350 µLÙ@³ÁèsÌ°óö(Í¿klÙ, 14000 rpm¿15

ç¿4ºC,klç?Ì��® KitB�(÷vá,ò0 Spin column�,jöÌ°ó

O(÷vá®klÙ, 14000 rpm¿1ç¿4ºC,klç?Ì÷vá®��Ìëñ

°Ðlm®/5Ì¿_�÷vá� Buffer PB® 500 µLÙ@9B�klç?Ìë

Ðlm®/5Ì¿Buffer PE® 750 mLÙ@9B�klç?ÌëÐlm®/5Ì°ó

Ó)�R(÷vá®�"klç?Ì÷vá��+ië¯0Ðm® õ,�ÃfÌ

°óìÍ�¿Buffer EB® 50 µLÙ@klÙ, 14000 rpm¿1ç¿4ºC,klç?

Ì÷vá()4vwxy DNA®ÐlÓy°óÐlÓy°Ðm( DNA(q"®

ç¢¢"ó(GEÄêw_ñ�NanoVue Plus)�ë 260 nm(4¢"®�:/0O'

,hlÌ°óÿ°¬lÌ°4vwxyÐmß-30ºC,E¹ ÖÌ°ó 

 DNA`7�z�¬7��ië»�Å�&'®`7_�w/0L¿¬lÌ°4

vwxy®��'Ìë PCR®ïi°óPCRß 0.2 mL�^7��¿�� DNA®

250 ng¿�� DNA�)�"%4vz{7¶¼Z®×q" 0.25 pmol/ mL¿BigDye® 

Terminator v3.1 Kit(Matrix Standards (Applied biosystems�)® 0.5 µL¿9Kit( 5! 

Sequencing Buffer®×q" 1!®�Ô¿ddH2O�ë,ðj® 20 µL'%0�ü�

�Ì°óO(�^7�® PCR�û(Applied Biosystems�)��Ô PCR®ïi°ó

PCR(KLß 95ºC® 20�, 50ºC® 15�, 60ºC® 1ç( 3Õ"® 25¬z�êï

i°óPCR Í¿!×m® 1.5 mL �^7��,jöÌë() Sodium acetate 

buffer(1.5 M NaOAc pH > 8.0, 250 mM EDTA(è�Ðm)® 2 µL¿EtOH® 60 µL

Ù@ vortex mixer,øùÌ¿klÙ, 14000 rpm¿20ç¿4ºC,klç?Ì DNA
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®­®Óy��®/5Ì°ó_� 70% EtOH® 60 µLÙ@ë()klÙ, 14000 

rpm¿5ç¿4ºC,klç?Ì DNA®­®Óy��®/5Ì¿klq°�û�ë

2~5ç]íîÓy°óíîÍ¿Hi-Di™ Formamide(Applied Biosystems�)® 15 µL

Ù@ DNA®Ð4Ì°óDNA`7_�¬7ß 3130xlÒ�Æd~��ñªvzÇ

`7_�`�à`wdá(Applied Biosystems �)®j¯¿��Ì°¬�4ê(`

7_�w®6uÌ°ó 

 

 
Fig. 4. PPT�57� �ª[È  

E. coli W3110 genome()��Ì°87ô�¤úû�(456787D�® pGRP>�87�»

�Ì¿EGFPÉ�úû�® �Ì°ó  

rrnB3!

rrnB2!

Amp! rrnB1!

rrnB4!

EGFP!

DsRed EX!
lacUV5!

rrnB3!

rrnB2!

pGRP!

7117 bp!

Amp! rrnB1!

rrnB4!

EGFP!

DsRed EX!
lacUV5!

Test promoter!
geneA!

E. coli W3110 genome!

Forward primer!

Reverse primer!

DNA fragment!

PCR!

Digestion with restriction enzyme!

BglII and EcoT22I!

Ligation!

rrnB3!

rrnB2!

Amp! rrnB1!

rrnB4!

EGFP!

DsRed EX!
lacUV5!

geneA promoter!

Inserted fragment sequencing!

Completion!
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2-10. ¡¢4£7¤¥7¦7��0123t�§( GFP¡¢¨"(�:  

! 2-10-1. BioTek� FL600��0 GFP¡¢¨"(�:  

 96ÊËÌ4£7¤(»��ê��Ô°*+m 200 µl® BioTek�¡¢4£7

¤¥7¦7PL600�ë�W¡¢¨"®�:Ì°ó�:ß¿¡¢t" 255¿Í�¢

485 nm¿«l¢ 525 nm(KL,ïi°ó  

 

 2-10-2. ©5ª�«�MTP-880��0 GFP¡¢¨"(�:  

96ÊËÌ4£7¤(»��ê��Ô°*+m 200 µl®©5ª�«�¡¢4£

7¤¥7¦7MTP-880�ë�W¡¢¨"®�:Ì°ó�:ßÍ�¢ 490 nm¿«

l¢ 530 nm¿¡¢t",10(KL,ïi°óÿ° OD600��0X"�:íïi

°ó 

 

2-11. }57¬z¤­¤¥7��0123t�§( GFP¡¢¨"(�:  

! �:/0t3*+m®}57¬z¤­¤¥7j(�^7��öÌ¿Q@ BD�

}57¬z¤­¤¥7FACS Calibur ®j¯ë»*+m(�W¡¢¨"®�:Ì

°ó�:,ß¢£,ò0 488 nmñê.�£7Ç7��ùÍ�Ì¿530 nm(¡¢

®«lÌ°óÿ°«l/0Ü(¡¢t"ßèRu,ò0 E. coli W3110®ÆÑd

~�©�¤57ê'ÌëÉw¤àvá(¡¢¨"(ò7�î 101 (Îû�%0

�ü��Ì°óÿ°<Òd~�©�¤57ê'Ìë pGRH313®½L³UÌ°1

23®j¯°ó 

2-12. PPT�57�®j¯°4vz{7±²C��0³´µ¶·(¸:  

³´µ¶·®¸:/0456787®¹º PPT �57�(½L³Un®¹º

t3*+m 20~30 mL() total RNA(¬l®ïi°ó*+m® 50 mL �^7�

iIWAKI�j�öÌ¿klÙ, 4000 rpm¿20ç¿4ºC,klç?Ì3®­®Ó

y��®/5Ì°ó­®Ì°3� Solution A® 1 mLÙ@¹XÌ¿_� H2Ors

PhOH® 1 mLÙ@ vortex mixer,¯Ì-øùÌ°óö(Í/Ï� 60ºC(&Õ'

��Ô¿5ç]M'üÌ%î) ÕÌ°ó_� 50 mL �^7�§(,j� 2 mL

® 2.0 mL�^7��öÌ¿klÙ, 13000 rpm¿3ç¿4ºC,klç?Ì¿��

900 µL® 1.5 mL(�^7��öÌ¿�"9KL,klç?Ì°óklç?Í¿

��® 400 µL0!ÌÌ¯ 1.5 mL(�^7� 2@�öÌ¿1 mL( EtOH®Ù@

vortex mixer, 20�2�¯Ì-øùÌëklÙ, 13000 rpm¿3ç¿4ºC,kl

ç?Ì°ó��®ñwò£787,/5Ì°'O¥� 70% EtOH® 1 mLQ(�

Ù@ëklÙ, 13000 rpm¿3ç¿4ºC,klç?Ì��®{z�5ò��¤,

/5Ìëklq°�û�ëõ,�íîÓy%¯Q"�ñê©7êç®Ð-Óy
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°ó_�2@(�^7�(­®®98 µL(0.1% DEPC water,Ð4Ì1@�Ì°ó

öO� DNase I(Takara�)�B�/0 10! DNase I Buffer® 10 µL¿5 U/mL DNase 

I(Takara�)® 1 µLÙ@è�Ì9Õ, 1Ã] DNAç4ÊË®ïi°ó1Ã]Í¿

H2O rs PhOH ® 100 µL Ù@³Áès��ù´�ÊË!×®¦ÿ¿klÙ,

13000 rpm¿3ç¿4ºC,klç?Ì()�® 100 µL® 300 µL( Solution Aî�

i° 1.5 mL(�^7��öÌ°óöO� 1 mL( EtOH®Ù@³Áès,è�Ì

ë()klÙ, 13000 rpm¿3ç¿4ºC,klç?Ì��®ñwò£787,/

5Ì°óöO� 70% EtOH® 1 mLQ(�Ù@ëklÙ, 13000 rpm¿3ç¿4ºC

,klç?Ì��®{z�5ò��¤,/5Ì°óö(Í¿klq°�û�ë

õ,�íîÓy%¯Q"�ñê©7êç®Ð-Óy°óìÍ� 20~30 mL( 0.1% 

DEPC water�Ð4Ì¿RNA(q"®ç¢¢"ó(GEÄêw_ñ� NanoVue Plus)

�ë 260 nm(4¢"®�:/0O',hlÌ°ó_�hlÌ°q"®�� RNA 

2 µgç® 0.8%ñÑ57w�«�~,�~Ì RNAj(6u®ïi°óö(L�

0.8% ñÑ57wôê® �Ì°ó�«�~j¯�klñÑ57wiª÷vzd

w�j® 1! TAE� 0.8%�%0�üÙ@¿��£�Ò,Ð4Ì°ó� 50ºC ÿ,

àáÍ¿�«�~�û(Mupid-2 plus)�B�Ìë¯0����Ì2S1ó�Ì2

S1)�Î-©7á®�Ì¿ö(ø¾, 30 ç2�QûÌëõ,�ëMÓy°ó

õ,�ëMÌë()©7á®���u%�,þi-ùYñ�¯°ó_�õÂÌ

°ôê®�«�~'�ûñ¿ôê�|î9ðÔ0ÿ, 1! TAE®ê¯1ó©7á

,!-i°��ê®{z�5ò��¤,� Ì°Í¿��ê� total RNAÐm 2 

µgç'ö(kgÐm( 6ç( 1ðj( BPBÐm 1 µL®è�ÌëØÙÌ°óÿ

°kg®�Ô°¡(kg¢� DNA ¬z�{7÷7'Ìë 50 ng/µL ( "/HindIII

® 2 µL®ØÙÌ°ó�~�û��£®!%¤¿100V,�~®µ¶Ì BPBÐm

({�yîôê( 3 ç( 2 Q"ÿ,ñ°'O¥,�~®¦ÿ°ó�~Í¿ñÑ

57wôê® EtBrÐm, 5ç]§WÌ¿ö(Í¿FAS-III (TOYOBO�)�ë¨F

�®©ªÌë DNA�� RNAD���ù2S1 EtBr(¡¢®«lÌ°ó«lÌ

° ribosomal RNA({�y(qÓ() RNA(q"'�"®6uÌ°óÿ°Új

/0ÿ,-30ºC,E¹ ÖÌ°ó 

! 0.8% ñÑ57w�«�~��iëq"(6uî,ñ° total RNA�HÌ¿Ñ

³´!×®j¯ë PPT�57�BA( mRNA( cDNA®�ÂÌ°óÑ³´!×

Uß 40 µgç( total RNA�HÌ PrimeScript® Reverse Transcriptase(Takara�)�B

�( 5!! PrimeScript Buffer® 3 µL¿Recombinant RNase Inhibitor(Takara�)® 0.75 

µL¿1 pmol/µL( cDNA®�ÂÌ°¯ mRNA�)�"%4vz{7® 1.5 µL¿

2.5 mM dNTP® 12 µL¿40 U/µL( PrimeScript® Reverse Transcriptase® 0.2 µLi8 

Uçj®è�Ì ddH2O�ë,j® 30 µL'Ìëïi°óÿ0 Reverse Transcriptase

2F(kl® 1.5 mL(�^7�§,è�Ì°Í¿60ºC(É7¤�5��(IWAKI
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� ALB-221)�ë 30ç]ÙÉÌ«_ÚÒ®'ië¯0 RNA®8@��Ì°óÙ

ÉÍ 45ºC (&Õ'��^7�®öÌ4vz{7®ñÁ7¥�àÓy!! 30 ç

]Õ"î7¾ ÕÌ°óÕ"î7îi°'O¥� Reverse Transcriptase®ØÙÌ¿

ö(ÿÿ 45ºC(&Õ', 2Ã]Ñ³´!×Óy°ó!×Í¿PhOH¬l' EtOH

­®,�ÂÌ° cDNA ®m�Ì°ócDNA Ðm(ðj�HÌëuj( TE rs

PhOH®Ù@ vortex mixer,¯Ì-øùÌ¿klÙ, 12000 rpm¿1ç¿4ºC,k

lç?Ì()®;nÌ°óO(()(ðj�HÌ 1/10j( 3 M NaOAc' 2.5c

j( EtOH®Ù@ vortex mixer, 20�2�¯Ì-øùÌ¿klÙ, 14000 rpm¿

15 ç¿4ºC ,klç?Ìë DNA ®­®Óy��®ñwò£787,/5Ì°ó

_� 70% EtOH® 100 µL Q(�Ù@ëklÙ, 14000 rpm¿5ç¿4ºC,klç

?Ìë DNA ®­®Óy��®/5Ì¿klq°�û(TAITEC � VC-15SP)�ë

2~5ç]íîÓy°óö(Í¿-30ºC,E¹ ÖÌ°óÿ°Új�� ddH2O® 3 µL¿

Thermo Sequenase Primer Cycle Sequencing Kit (GE Äêw_ñ� )B�( Red 

Loading dye® 1.5 µLÙ@ vortex mixer,è�Ì¿90ºC(É7¤�5���ë 3

ç]ÙÉÌ°í(® cDNAkg'Ì°ó 

! _�4vz{7±²C,³´µ¶·®¸:Ì°¯ gfpúû���( DNA&'

(Å� A¿T¿G¿C¿(`7_�wv¦7® Thermo Sequenase Primer Cycle 

Sequencing Kit (GEÄêw_ñ�)®j¯ë �Ì°ó��'%0 PPT�57�(

4vwxy DNA 50~250 ng�HÌ¿ö( DNA�)�"%4vz{7® 1 pmol¿

KitB�(A reagent®2 µLè�ÌddH2O�ë,j®8 µL�Ì°ó9B�A reagent

® T reagent¿ G reagent¿C reagent�ûñU@°6õí��Ì°óö(ÍOÔ)

® PCR�(�°óPCR(KLßÿ0 95ºC, 5ç(ÙÉ®ï¯¿_� 95ºC® 20

�, 50ºC® 15�, 60ºC® 1ç( 3Õ"® 25¬z�êï¯¿ìÍ� 10ºC�Õ"®

7¾ë×�Ì°óO( PCRzKß-30ºC,E¹ ÖÌ°óÿ°Új���s Kit

B�( Red Loading dye® 5 µLÙ@ vortex mixer,�-è�Ì¿90ºC(É7¤�

5���ë 3ç]ÙÉÌ°í(®`7_�wv¦7kg'Ì°ó 

 ìÍ���Ì° cDNAkg'`7_�wv¦7(kg®8% PAGE��iëÓ

µÌ°óö(L�ÿ0¿8%(ñ�¥êñxyôê® �Ì°óôê® 0L(

DNA7_�¬7(SHIMADZU� DSQ-500)B�(ÑvwÌ®(Ô,�ã�Õ®j

¯� Ì ddH2O ,¥�wÌ°óÖç�(«®×ñ$i°ÍzØ45Ùõ7ê,

�"ôêÌ±|®×¯°óôêÌ(±¬zy�w�7¬7®ÚÿÌëôêÌ®

Ûp�ë¿ôêÌ(�T2F®|Á7êd74,oÜÌ¿Ó)�ôêÌ(±¬

zy,T®1ñÿ�¥�4,¦ÿ°ó_� GENE-PAGE PLUS™ 8%, EZ 

SQUEEZE™ (AMRESCO�)® 14 mL'ù 50 mL|7÷7��Ô¿B�( 2¼Z

(��µ¶Õ®Ù@ 2ç]øùÌ¿ôêîëMÌ%¯�ü�Î- 0.45 µm(}~

ê87,-�Ìë.x®$ù/ñ 2 Ý(ôêÌ(Þ]��Ì2S1óO('ñ
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R«î�)%¯�ü�8«��Ì2S1óôêß(�Tÿ,ôêîà°ÓÔ°

)©7á®ÑÓÿ��Ìëôê�T®Ë)�Ì°óö(ÍôêÌ®ÁÌëûñ¿

ôêÌ�T�íîá¦(°ÿv�4®(�°�,¿ôêÌ��Ì®yyëôê

îëÿ0ÿ, 3 Ã]QûÌ°óôêëMÍ¿ôêÌ()©7á¿�¥�4¿|

Á7êd74®FÌ¿(Ô(,�|%T�!¯ë¯0ôê(��®�¯�Ì°ó

¯�©7á®�Ìë¯°kg¢ß�â��¯�Ì°óö(Í¿ ddH2O ,¥�w

Ì¿(«®×ñ$i°)�"zØ45Ùõ7ê,ôêÌ±|®×¯°óôêÌ

±|�g©¥uîBãÌë¯%¯O'®6uÌë() DNA `7_�¬7

(SHIMADZU� DSQ-500)�©�¤Ì°ó 

_�kg®�~ÌëÓµÌ°ó¡¢;~ DNA çX�û (SHIMADZU �

DSQ-500)�©�¤Ì°ôêÌ(�7 2!(�~'��~j{�}ä7,ò0 1.2 

! TBE ®kg¢î­ºÿ,ê¯1ókg¢® 0°ÿ©7á(�Ç�ÇÌë¯

0å®ôê��Ì¿�~®ïükg®©7á(�Ç�Ç(/ñ]� 1.5~3 µL�

Ô°ó�� 100 V , 4 ç]�~Ìkg®ôê��<�Ì°Í¿©7á®�ñ5

ù¿ö(Í�� 1000 V, 5Ã]�«�~®ïi°óö(Í¿cDNA'`7_�

wv¦7({�y(Îû(Væ()³´µ¶·®¸:Ì°ó
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a3b  ¹º  

3-1. 123 W3110'»¼|}~�w3(½¾¿RÀ��©5Á7½Â  

 3-1-1. ½¾  

! 123'|}~�w3(t�(½¾®6u/0L¿���������ët

3t�®��Ì°ó123W3110¿|}~�w3 B. adolescentis!B. angulatum!

B. bifidum!B. catenulatum!B. kashiwanohense!B. longum !B. pseudocatenulatum!

B. pseudolongum!B. scardovii®öÔrÔ 5 mL( ABCM�ëP�å«KL7,

83*+Ì¿ö(*+m® PTA��ùÆÑd~�§WÌ°í(® TEM�ë��

Ì°(Fig. 5)ó 

! ö(¹º¿123W3110ßªç²èî� 2 µm¿�èî� 1 µm(æ3(½ø

® ië¯°óÓ)�«cg,ßéêí6u,ñ°óÿ°123t�ßö(R

'STî9�Q"(1ñÓ,òù¿f)!ñîý%(i°ó 

! |}~�w3 B. adolescentisß¿À:½(æ3,ò0°ÿ¿123(�ü%ñ

Ô¯%æ3(½®Ìë�)0¿²èî²-t²¯t�()�½�[¯t�ÿ,

Óÿëÿ%½¾®'ië¯°óÿ°t�(§T�ì(q¯Tçî¿t��|(

8T�$0¯FW�í@0Tçî��ÓÔ°óOÔ)ßöÔrÔ PTA ��0Æ

Ñd~�§W,¨-§WÓÔ°¿ÿ°ß§WÓÔ%(i°TÎ1'Ò@)Ô0

î%îO(�ü�§WÓÔ°(ßÀ$,ò0ó 

! |}~�w3 B. angulatumßt�¬z�îªç²è 5µm¿�è 1.5 µm'È(

|}~�w3¼�Vï1ñ-¿ÿ°ð:Ì°æ3(½¾®Ìë¯°ó 

! |}~�w3 B. bifidumß123W3110'9B�ªç²èî� 2 µm¿�èî

� 1 µm(æ3(½ø® ië¯°ó 

! |}~�w3 B. catenulatumßªç²è 1 µm¿�è 0.5 µmQ"'È(|}~

�w3'Vït�¬z�îñÓ-¿æ3(½¾ßÌë¯0îö(t3t��|

ßòóië¯0(î��ÓÔ°óÿ°t�(±¼B[�ì(q¯Tçî��Ó

Ô°óO(ì¯Tçß PTA ��ù¨-§WÓÔë¯0O'îÒ@)Ô0î¿%

îO(�ü�§WÓ0((ßÀ$,ò0ó 

! |}~�w3 B. kashiwanohenseßt�¬z��!¯ëß123W3110'9B

�ªç²è 2 µm¿�è 1 µmQ",òi°îð:Ì°æ3(½¾®Ìë�)0¿

ôÔ�îi°½ø®'0%TÀ:½,òi°óÿ°t�(±¼B[�ì(q¯

Tçî��ÓÔ°óO(ì¯Tçß B. adolescentis'9B PTA��ù¨-§WÓ

Ôë¯0O'îÒ@)Ô0ó 

! |}~�w3 B. longumßªç²è 1 µm¿�è 0.5 µmQ"'È(|}~�w

3'Vït�¬z�îñÓ¯óÿ°t�(½¾ß¿ð:Ì°æ3(½ø¿ôÔ
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�îi°½ø¿Y õ�¾ç(ÔÌë¯0½ø'öÄ�J÷,òi°óÿ°«c

g,(��,t��|ßø)(,%-ùúÌë¯0B�î��ÓÔ°ó 

! |}~�w3 B. pseudocatenulatumß123W3110'9B�ªç²è 2 µm¿

�è 1 µmQ(t�¬z�,òù¿t�(¼å,ß¾ç(Ô(B�t�î±�ë

¯0(î��ÓÔ°óÿ°t�å|(8T�$0¯FW�í@0Tçî��Ó

Ô°óOÔ)ßöÔrÔ PTA ��0ÆÑd~�§W,¨-§WÓÔ°¿ÿ°ß

§WÓÔ%(i°TÎ1'Ò@)Ô0î%îO(�ü�§WÓÔ°(ßÀ$,

ò0ó 

! |}~�w3 B. pseudolongumß123W3110'9B�ªç²è 2 µm¿�è

1 µmQ(t�¬z�,òi°óð:Ì°æ3(½¾(t�îJ-��ÓÔ°î¿

'O¥TO¥ôÔ�îië¯0t�í��ÓÔ°ó 

! |}~�w3 B. scardoviiß123W31109B²è 2 µm¿�è 1 µmQ(t�

¬z�,òi°ót�(½¾ßÈ(J-(|}~�w39B¿À:½,BC%

½øî��ÓÔ°óÿ°t��|�úùî��ÓÔ¿t�å|(8T�ß$0

¯FW�í@0Tçî��ÓÔ°ó 

 

 
Fig. 5. 123 W3110��»|}~�w3( TEM´Ê  

123îY�"%æ3(½ø®Ìë¯0(�HÌ¿|}~�w3ßÀ:½®�Ì°óÿ°¿|}

~�w3ß PTA (ÆÑd~�§W,§WÓÔ0¿ûü'Ìëß¨¯FW®�/TÎî��ÓÔ

°ó 

!"#$$$!

!" : ! 4000! 1.0 µm!

!"#$%%!

!" : ! 2500! 2.0 µm!

!"#$$$!

!" : ! 2000! 2.0 µm!

!"#$$$!

!" : ! 3000! 1.0 µm!

!"#$%%!

!" : ! 1500! 2.0 µm!

!"#$%%!

!" : ! 1500! 2.0 µm!

!"#$$$!

!" : ! 2000! 2.0 µm!

!"#$%%!

!" : ! 1200! 2.0 µm!

!"#$$$!

!" : ! 1000! 5.0 µm!

!" : ! 4000!

1.0 µm!

E. coli W3110! B. angulatum!B. adolescentis! B. bifidum!

B. catenulatum!B. kashiwanohense! B. longum! B. pseudocatenulatum!

B. pseudolongum! B. scardovii !



 

23 

 3-1-2. ����'*+m pH 

! 123W3110'»¼|}~�w3 B. adolescentis!B. angulatum!B. bifidum!

B. catenulatum!B. dentium!B. kashiwanohense!B. longum!B. pseudolongum!B. 

scardovii!B. sp. HM5-2î ABCM*o,T(�ü���/0((®�ï0°ÿ¿

»3(����'*+m( pH(xM®�ï°óP�å«KL7,83,*+Ì

°»3(*+m®ABCM*o 5 mL� 50 µLI3Ìë 24Ã]YÃ"��:Ì°ó 

! ö(¹º¿123W3110ßI3Ìë()/Ï�H�"���Ì*+ 5Ã]®

®@°Ã·,:ÄÅ��i°óö(Í*+ 24Ã],( OD600ß 0.909,òi°ó

ÿ°*+m pHßI3Ã pH 7,òi°(ît3(���s¯p7Ì°óp7�

"ß3(���"')ýÌë�ù¿H���Å�1ñ-p7Ì°ó:ÄÅ�Å

�ß pHß 5ÿ,p7Ì°î¿:ÄÅÍÅ( 24Ã]Í�ß pHß 6B[ÿ,�

rÌ°óO(123(����'*+m pH®��'Ì¿|}~�w3(���

�'*+m pH®VæÌ°ó 

! |}~�w3 B. adolescentisß123'Vï���"îþ-¿123�ùí 5

Ã]²¯*+ 10Ã],:ÄÅ��Ì°ó*+ 24Ã],( OD600ß123'R'

STxð)%¯ 0.930 ,òi°óÿ°*+m pH ßt3(���s¯p7Ì°ó

p7�"ß3(���"')ýÌë�ù¿H���Å�1ñ-p7Ì°óö(

Í:ÄÅ� pH 5ÿ,p7Ì°ó 

! |}~�w3B. angulatumß123'Vï*+2Ã]®®@°ò°ù()��

î8"ÿ!Ì°óö(Í123'Vï 5 Ã]²¯*+ 10 Ã],:ÄÅ��Ì¿

*+ 24 Ã],( OD600ß123'R'STxð)%¯ 1.049 ,òi°óÿ°*

+m pHßt3(���s¯p7Ì°óp7�"ß3(���"')ýÌë�ù¿

H���Å�1ñ-p7Ì°óö(Í*+ 24Ã], pH 4ÿ,p7Ì°ó 

! |}~�w3 B. bifidumß123'VïI3tÍ()���"ßþ(i°î¿

*+ 24Ã]ÿ,R"H�"���Ì°ó*+ 24Ã],( OD600ß123'1ñ

-ßxð)0 0.745,òi°óÿ°*+m pHßt3(���s¯p7Ì¿*+

24Ã], pH 5ÿ,p7Ì°ó 

! |}~�w3 B. catenulatumß123'9B�I3Í/ÏßH�"���Ì°

î*+ 4 Ã]®®@°ò°ù()123�VïJý���"îp7Ì°óö(

Í¿*+µ¶ 10Ã],:ÄÅ��Ì¿*+ 24Ã],( OD600ß123'R'S

Txð)%¯ 0.865,òi°óÿ°*+m pHßI3Ã pH 7,òi°(ît3

(���s¯p7Ì°óp7�"ß3(���"')ýÌë�ù¿H� ��Å

�1ñ-p7Ì°óö(Í:ÄÅ�Å� pH 5ÿ,p7Ì pHí:Ä'%i°ó 

! |}~�w3 B. dentiumß123'9B�I3tÍ()H�"���Ì¿*+

9 Ã]Q",:ÄÅ��Ì°ó:ÄÅ��Ì°Ü( OD600(­ß 1.150 ,òù¿

123�ùí«-%i°óö(Í*+ 24 Ã], OD600 ß123�Vïë«¯
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1.501ÿ,�rÌ°óÿ°*+m pHßI3Ã pH 7,òi°(ît3(���s

¯p7Ì°óp7�"ß3(���"')ýÌë�ù¿H� ��Å�1ñ-p

7Ì°óö(Í:ÄÅ�Å� pH 5ÿ,p7Ì¿*+ 24Ã], pH 4�%i°ó 

! |}~�w3 B. kashiwanohenseß*+ 4Ã]ÿ,ßR'ST��Ì%(i°ó

O( 4 Ã]ß°<Å,ò0'Ò@)Ô0óö(Í¿H���Å��ù123'

R"9B(���",��Ì¿*+ 10Ã]Q,:ÄÅ��Ì°óö(Í¿*+

24 Ã],( OD600ß123'R'STxð)%¯ 0.993 ,òi°óÿ°*+m

pHßt3(���s¯p7Ì¿*+ 24Ã], pH 5ÿ,�rÌ°ó 

! |}~�w3 B. longumß123'9B�I3tÍßH�"���Ì°î¿*

+ 4Ã]®®@°ò°ù()123�Vï���"îp7Ì°óö(Í¿*+ 8

Ã],:ÄÅ��Ì¿24Ã],( OD600ß123'R'STxð)%¯ 0.860,

òi°óÿ°*+m pHßI3Ã pH 7,òi°(ît3(���s¯p7Ì°ó

p7�"ß3(���"')ýÌë�ù¿H���Å�1ñ-p7Ì°óö(

Í:ÄÅ�Å� pH 5ÿ,p7Ì pHí:Ä'%i°ó 

! |}~�w3 B. pseudolongumß123'VïöÄ����"îþ-¿*+ 5

Ã],í OD600î 0.5�à°%(i°óÌ(Ìö(Í#C���Ìë¯ñ¿*+

24Ã],( OD600ß123'R'STxð)%¯ 1.001ÿ,�rÌ°óÿ°*+

m pHßt3(���s¯p7Ì¿*+ 24Ã], pH 5ÿ,p7Ì°ó 

! |}~�w3 B. scardoviiß123'Vï*+ 2Ã]®®@°ò°ù()��

î8�ÿ!Ì°óö(Í123'Vï 4 Ã]RT²¯*+ 9 Ã],:ÄÅ��

Ì¿*+ 24 Ã],( OD600ß123'R'STxð)%¯ 0.902 ,òi°óÿ

°*+m pHßt3(���s¯p7Ì°óp7�"ß3(���"')ýÌë

�ù¿H���Å�1ñ-p7Ì°óÓ)�*+mß pH 4ÿ,8�ßp7Ì°

î¿24Ã], pH 5ÿ,�rÌ°ó 

! |}~�w3 B. sp. HM5-2ß*+ 3Ã]ÿ,ß,-��Ì%(i°óO( 3

Ã]ß°<Å,ò0'Ò@)Ô0óö(Í¿H���Å��ù123'R"9

B(���",��Ì¿*+ 7Ã]Q,:ÄÅ��Ì°óö(Í¿*+ 24Ã]

,( OD600ß123'R'STxð)%¯ 0.901 ,òi°óÿ°*+m pH ßt

3(���s¯p7Ì°óp7�"ß3(���"')ýÌë�ù¿H���

Å�1ñ-p7Ì°óÿ°:ÄÅÍÅ�í*+m pH îp7Ì¿*+ 24 Ã],

pH 5'%i°ó 

! 2�(¹º()123W3110'$°�ü%����®�Ì°|}~�w3u

ß B. adolescentis!B. angulatum!B. catenulatum!B. dentium!B. kashiwanohense!

B. longum !B. scardovii!B. sp. HM5-2( 7¼Z,òi°(Fig. 6)ó 
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Fig. 6. 123 W3110��|}~�w3(����'*+m pH(xM  

»3(*+m( OD600(!)'¿pH(!)®YÃ"��:Ì°ó3¼��ië���"�ß%îòi°

îì×"��/0 OD600(­ß,ë 1.0�Í,òi°óÿ° pHß123î 5~61i°(�HÌ¿

|}~�w3ß´ã&ù( 4~5.5(­®'i°ó  
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 3-1-2. ©5Á7½Â  

! 123W3110�� B. longum® 5 mL( ABCM*o�I3ÌP�L«KL7

,*+Ì°*+m®_`abÌ¿BLpq*o�efÌë CO2å«KL7,*+

®ï¯»t3�©5Á7®½ÂÓy°óö(¹º¿83*+Ì°Í(123(

©5Á7'pq*o(:=|î"V�ë�ù¿'Ô°½®Ìë¯°(Fig. 7a)ó8

h¿|}~�w3(©5Á7ß83*+,ß123�Vï©5Á7(1ñÓß

ñÓ-¿ÿ°©5Á7'pq*o'(:=|î-iñùÌë�ù¿(�Ì°y

7áø(½ø®Ìë¯°(Fig. 7b)óÈ(|}~�w3(©5Á7(½¾í B. 

longum '9B,ò0O'()¿©5Á7(½n()¯��ù123'|}~�

w3(©5Á7®ð*�íç�0O'î+#,ò0O'îç(i°ó 

 

 

Fig. 7. 123'|}~�w3(©5Á7½¾  

(a)123(©5Á7(E. coli JW2652)  (b)|}~�w3©5Á7(B. longum) 

 

3-2. 123 W3110'»|}~�w3¼'()*+  

 3-2-1. )*+Ã(����'*+m pH 

! 123'|}~�w3® ABCM*o,*+/0O'î6u,ñ°(,¿_�

123W3110®»¼|}~�w3 B. adolescentis!B. angulatum!B. bifidum!B. 

catenulatum!B. dentium!B. kashiwanohense!B. longum!B. pseudolongum!B. scardovii!

B. sp. HM5-2 ')*+®ï¯¿ö(����'*+m( pH (xM®�ï°ó

ABCM*o 5 mL,�*+Ì°123W3110'»¼|}~�w3(*+m®Ì

°% ABCM*o 5 mL� 50 µL0!è�ÌëI3Ì 24Ã]YÃ"�X"' pH

®�:Ì°ó 

a! b!
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ö(¹º¿123 W3110 ' B. adolescentis ()*+,ß¿I3tÍß»3(

��*+�ùíH���Å��0(îþ(i°î¿H���Å��i°Íß B. 

adolescentis (��*+Ã'9B(*+ 10 Ã],:ÄÅ��Ì°óöÌë*+

24Ã], OD600ß»3(��*+'9B( 0.950'%i°óÿ°)*+m pHß

I3Ã pH 7,òi°(î»3(��*+Ã'9B�t3(���s¯p7Ì°ó

p7�"ß B. adolescentis(��*+�ùÎ-¿:ÄÅ�ß pH 5ÿ,p7Ì°ó 

! 123W3110' B. angulatum()*+,ß¿I3tÍ()H�"���Ì¿

B. adolescentis(��*+Ã'9B(*+ 10Ã],:ÄÅ��Ì°óÌ(Ì:Ä

Å��Ì°Ã( OD600ß123 W3110 (��*+Ã'9B,òi°óöÌë*

+ 24 Ã], OD600ß»3(��*+�ùVV«¯ 1.312 '%i°óÿ°)*+

m pHßI3Ã pH 7,òi°(î»3(��*+Ã'9B�t3(���s¯

p7Ì°óp7�"ß B. adolescentis (��*+Ã�ùÎ-¿:ÄÅ�ß pH 4

ÿ,p7Ì°ó 

! 123W3110' B. bifidum()*+,ß¿I3tÍ,Ã]ßR'ST��Ì

%(i°î¿*+ 4Ã]Ï)¯()123W3110(��*+Ã'9B(�",

H�"���Ì°óöÌë*+ 6 Ã],:ÄÅ��Ì°óÿ°:ÄÅ��Ì°

Ã( OD600ß123W3110(��*+Ã'9B,òi°óöÌë*+ 24Ã],

OD600ß»3(��*+'R"9B( 1.041 '%i°ó_�)*+m pH ßI3

Ã pH 7,òi°(î»3(��*+Ã'9B�t3(���s¯p7Ì°óp

7�"ß123 W3110 ' B. adolescentis (��*+Ã(�](­®×¶�Ì¿

*+ 24Ã],ß pH 5.5'%i°ó 

! 123W3110' B. catenulatum()*+,ß¿I3tÍ()123W3110�

� B. catenulatum(��*+Ã'9B(�",H�"���Ì°óöÌë*+ 8

Ã],:ÄÅ��Ì°óö(Í¿*+ 24 Ã], OD600ß»3(��*+'R"

9B( 0.933'%i°ó_�)*+m pHßI3Ã pH 7,òi°(î»3(�

�*+Ã'9B�t3(���s¯p7Ì°óp7�"ß123 W3110 ' B. 

adolescentis(��*+Ã'R"xð)0¿:ÄÅ�ß pH 5.5'%i°ó 

! 123W3110' B. dentium()*+,ß¿I3tÍ() B. dentium(��*

+Ã'9B(�",H�"���Ì°óöÌë B. dentium(��*+9B¿*+

8Ã],:ÄÅ��Ì°óö(Í¿*+ 24Ã], OD600ß B. dentium(��*+

'9B( 1.730'%i°ó_�)*+m pHßI3Ã pH 7,òi°(î»3(

��*+Ã'9B�t3(���s¯p7Ì°óp7�"ß B. dentium(��*

+Ã'R"xð)0¿*+ 24Ã],ß pH 4'%i°ó 

! 123W3110' B. kashiwanohense()*+,ß¿I3tÍ()123W3110

(��*+Ã'9B(�",H�"���Ì°óöÌë123W3110(��*

+9B¿*+ 6 Ã],:ÄÅ��Ì°óö(Í¿*+ 24 Ã], OD600ß123
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W3110' B. dentium(��*+(�]( 0.869'%i°ó_�)*+m pHßI

3Ã pH 7 ,òi°(î»3(��*+Ã'9B�t3(���s¯p7Ì°ó

p7�"ß123W3110(��*+Ã'xð)0¿*+ 24Ã],ß pH 5'%

i°ó 

! 123 W3110 ' B. longum ()*+,ß¿I3tÍ()123 W3110 ' B. 

longum (��*+Ã(�](�",��Ì°óöÌë*+ 8 Ã],:ÄÅ��

Ì°óö(Í¿*+ 24Ã], OD600ß123W3110' B. longum(��*+'

R"9B( 0.896'%i°ó_�)*+m pHßI3Ã pH 7,òi°(î»3

(��*+Ã'9B�t3(���s¯p7Ì°óp7�"ß123W3110'

B. longum(��*+Ã'�](�",p7Ì¿:ÄÅ�ß B. longum��*+

Ã'9B( pH 5'%i°ó 

! 123 W3110' B. pseudolongum()*+,ß¿I3tÍ()123 W3110

(��*+Ã'9B��",��Ì°óöÌë*+ 6 Ã],:ÄÅ��Ì°ó

ö(Í¿*+ 24Ã], OD600ß123W3110' B. pseudolongum(��*+'

R"9B( 0.893'%i°ó_�)*+m pHßI3Ã pH 7,òi°(î»3

(��*+Ã'9B�t3(���s¯p7Ì°óp7�"ß123W3110(

��*+Ã'�](�",p7Ì¿:ÄÅ�ß123W3110' B. pseudolongum

(��*+Ã'9B( pH 5'%i°ó 

! 123W3110' B. scardovii()*+,ß¿B. scardovii(��*+Ã'9B�

*+Ã],8�ÿ!Ìëö(ÍH�"���Ì°óöÌë*+ 8 Ã],:ÄÅ

��Ì°óö(Í¿*+ 24Ã], OD600ß123W3110' B. scardovii(��*

+'9B( !"#$#'%i°ó_�)*+m pHßI3Ã pH 7,òi°(î»3(

��*+Ã'9B�t3(���s¯p7Ì°óp7�"ß B. scardovii(��

*+Ã'�](�",p7Ì¿:ÄÅ�Å�8� pH 4 �7îi°Í¿*+ 24

Ã]Í�ß B. scardovii(��*+Ã'9B( pH 5'%i°ó%

! 123W3110' B. sp. HM5-2()*+,ß¿123W3110' B. sp. HM5-2(

��*+Ã(�](�",��Ì°óöÌë*+ 6 Ã],:ÄÅ��Ì°óö

(Í¿*+ 24Ã], OD600ß B. sp. HM5-2(��*+'R"9B( $"!$!'%i

°ó_�)*+m pHßI3Ã pH 7,òi°(î»3(��*+Ã'9B�t

3(���s¯p7Ì°óp7�"ß B. sp. HM5-2(��*+Ã'9B(�"

,p7Ì¿:ÄÅ�ß B. longum��*+Ã'9B( pH 5'%i°ó%

! 2�(¹º�ù¿123W3110'»¼|}~�w3®è�Ì°8�,í*+

mX"î�ÙÌ°O'()¿±3®9�*o�I3Ìëít3î*+,ñ0O

'î6u,ñ°óöÔrÔ(t3(��*+')*+®VæÌ°àv}® Fig. 8

�ÿ'ÿ°ó 
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Fig. 8. 123'»¼|}~�w3()*+Ã(����'*+m pH 

123'»|}~�w3()*+m( OD600(d�)'¿pH(}�)®YÃ"��:Ì°óT(3¼

'()*+,íì×"��/0 OD600(­ß 1.0�Í,òù¿ö(����(-.ß»3(È/

*+(-.(�]®ä0�ü%½'%i°óÿ° pHß123î 5~6,ò0(�HÌ¿|}~�

w3ß3¼��ië%�îò0î¿´ã&ù( 4~5.5(­®'i°ó  
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 3-2-2. :ÄÅ)*+m�(R3�  

����(�:��ù¿123'|}~�w3()*+��¯ët3î��

Ìë¯0O'ß6u,ñ°î¿123'|}~�w3îöÔrÔT(�ü��

�Ìë¯0(ß OD600(­()^D,ñ%¯L¿È(hC,*+m�(R3®6

u/0Ö6îòi°óöO,123'»¼|}~�w3 B. adolescentis!B. 

angulatum!B. bifidum!B. catenulatum!B. dentium!B. longum!B. pseudolongum!

B. scardovii!B. sp. HM5-2()*+m����0»3(R3�®�ï°óÿ01

23W3110'»¼|}~�w3(�*+®ï¯¿ö(Í123W3110»¼|

}~�w3()*+®ïi°ó)*+,ß ABCM*o 5 mL�HÌë|}~�

w3�*+m® 50 µLI3Ì°(�HÌ¿123ß 50 µL, 5 µL, 10cabÌ°

í( 5 µL'I3j®xMÓyëI3Ìë 37ºCP�å«KL7�ë 24Ã])*

+®ïi°óö(Í¿)*+(I3�j¯°�*+m')*+Í()*+m�

(R3�® CFU/mL,hlÌ°ó 

ö(¹º¿123 W3110 ' B. angulatum ()*+,ß¿123 W3110 ' B. 

angulatum (I3��ì1 10 c�Í(%îòi°î¿)*+:ÄÅ�½ÂÓÔ

0t3Õ���0±3](R3��ß 10c2�(%ß%(i°óÿ°I3�(

%�ý0%-ì×"%*+m�(Æt3��í1ñ%%ß%(i°ó 

! 123W3110' B. catenulatum()*+,ß¿123W3110' B. catenulatum

(I3Õ�ì1 10000 c[-(%îòi°î¿)*+:ÄÅ�½ÂÓÔ0t3

Õ���0±3](R3��ß 10c2�(%ß%(i°óÿ°I3�(%�ý

0%-ì×"%*+m�(Æt3��í1ñ%%ß%(i°ó 

! 123W3110' B. longum()*+,ß¿123W3110' B. longum(I3

��ì1 100 c[-(%îòi°î¿)*+:ÄÅ�½ÂÓÔ0t3Õ���

0±3](R3��ß 10c2�(%ß%(i°óÿ°I3�(%�ý0%-ì

×"%*+m�(Æt3��í1ñ%%ß%(i°ó 

! 123 W3110 ' B. pseudolongum ()*+,ß¿123 W3110 ' B. 

pseudolongum (I3��ì1 500 c[-(%îòi°î¿)*+:ÄÅ�½Â

ÓÔ0t3Õ���0±3](R3��ß 10c2�(%ß%(i°óÿ°I3

�(%�ý0%-ì×"%*+m�(Æt3��í1ñ%%ß%(i°ó 

! 123W3110' B. scardovii()*+,ß¿123W3110' B. scardovii(I

3��ì1 10c[-(%îòi°î¿)*+:ÄÅ�½ÂÓÔ0t3Õ���

0±3](R3��ß 10c2�(%ß%(i°óÿ°I3�(%�ý0%-ì

×"%*+m�(Æt3��í1ñ%%ß%(i°ó%

! 123W3110' B. sp. HM5-2()*+,ß¿123W3110' B. longum(I

3��ì1 50c[-(%îòi°î¿)*+:ÄÅ�½ÂÓÔ0t3Õ���

0±3](R3��ß 10c2�(%ß%(i°óÿ°I3�(%�ý0%-ì
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×"%*+m�(Æt3��í1ñ%%ß%(i°ó 

! ÿ°¿123W3110' B. adolescentis¿B. bifidum¿B. dentium()*+,ß¿

BL pq*o�»|}~�w3(©5Á7î½ÂÓÔ0 B. adolescentis (

CFU/mLîhl,ñ%(i°°ÿ¿R3�î1ÿ)Ô%(i°ó 

! 2�(¹º()¿©5Á7î6u,ñ°)*+�!¯ëß 123'|}~�

w3(I3t���ì1 10000 c[¯%îò0�í((ð)0:ÄÅÿ,)*

+®ïü'R",ë(|}~�w3¼'()*+��¯ë»3(R3�(%ß

10c.à�%i°(Fig. 9)ó 

 

 

Fig. 9. 123 W3110'»|}~�w3()*+,(I3t��(:ÄÅt3ÕÏ(ÐÑ  

)*+�I3Ì°»3(t��()¯��)0)*+:ÄÅ(j3(R3��ß 10c2�(µ

ñß%-8:(t3Õ�2ýã¯°ó  
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 3-2-3. )*+de(ÆÇ  

! 2�(E. coli W3110'»¼|}~�w3()*+(de¹º®Table 4�ÿ'

ÿ°óABCM*o�ë 10¼Z(|}~�w3(B. adolescentis!B. angulatum!B. 

bifidum!B. catenulatum!B. dentium!B. kashiwanohense!B. longum!B. pseudolongum!

B. scardovii!B. sp. HM5-2)(*+�Â3Ì¿ö(üý 6¼Z(|}~�w3(B. 

angulatum!B. catenulatum!B. longum!B. pseudolongum!B. scardovii!B. sp. HM5-2)

�!¯ë E. coli W3110'()*+�Â3Ì°óO( 6¼Z(|}~�w3u'

()*+��¯ë¿I3Ì°123'|}~�w3(t���ý0%-:ÄÅ

�½ÂÓÔ0t3Õ�1ñ%%ßí)Ô%(i°óO(O'()123'|}

~�w3],4)((t�]©x^Á_7`a�îÖþÌë�ù¿öÔ��i

ë¯:(t3Õ®½Â/0O'î�¨ÓÔ°ó 

 

Table 4. 123'»|}~�w3¼'()*+(¹º  

 
 

3-3. B. longum'()*+,-./0123456787  

! 3-3-1. B. longum'()*+:ÄÅ�-./0123456787  

! |}~�w3'()*+Ã�-.î�r/0123456787®56/0

L¿PPT �57�®j¯°óPPT �57�ß 904 ¼Z(123456787î

GFP ®£<787úû�'Ìë=! pGRP >�87��57�MÓÔ°©�¤

,ò0óO( PPT �57�(123 DH5"½L³Un'7�"%|}~�w3

,ò0 B. longum()*+®ïüO',¿íÌ pGRP>�87��57Á�àÓ

Ôë¯0123úû�456787î°<ÓÔÔf GFPîR�ÂÓÔ123n

î�W�¡¢/0(Fig. 10)óO( GFP(¡¢/08Ë,ò0î¿GFP(¡¢¢ß

GFP (ñxõ´&'( 65 T^(©¥�¿66 T^(�5`�¿67 T^(à¥`

���ië½ÂÓÔë�ù¿O(,ñxõ´î GFP(}97êé~�à(Ü�

÷MBÙ¿´M���ã(®Y0O'��ië):Á�¹���0 # ��()

!"# $%&'(#

)*+,-./012#3(CFU/mL)
#4 56*7*+ 89*7*+

Bifidobacterium adolescentis : ! ;;;;;; ;;;;;;

Bifidobacterium angulatum : :

Bifidobacterium bifidum : ! ;;;;;; ;;;;;;

Bifidobacterium catenulatum : :

Bifidobacterium dentium : ! ;;;;;; ;;;;;;

Bifidobacterium kashiwanohense : ;<<; ;;;;;; ;;;;;;

Bifidobacterium longum : :

Bifidobacterium pseudolongum : :

Bifidobacterium scardovii : :

Bifidobacterium sp. HM5-2 : : ;;;;;; ;;;;;;

4.60 ! 108! 2.85 ! 108!

2.52 ! 108! 1.01 ! 109!

5.76 ! 109! 6.58 ! 109!

4.88 ! 1010! 1.27 ! 1010!

1.30 ! 1010! 8.09 ! 109!

4.36 ! 1011! 1.17 ! 1011!



 

33 

;î�ñ0(Fig. 11)(Miyawaki et al., 2003)óOO�¨F¢%T(zÆê�7(«¯

¢î<°0'¿O(��îÍ�ÓÔ0óO(zÆê�7�Î(�îi°��î

í'(p¯zÆê�7�Î�=0'ñ��W,ò0ò² 530 nm(¢®kl/0ó

ÿ°O(¡¢¢ß>FL( #{£ê§�Öþ/0°ÿöÄ�ð:,ò0ó (Fig. 

12)(Ormö et al., 1996) 

 

 

Fig. 10. PPT�57�®j¯°123úû�456787·ãM6éê  
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Fig. 12. GFP§(¡¢¢(Îû  

S7ê,��Ìë¯08�¢î GFP (¡¢¢®�Ìë¯0ó¡¢¢ß #-{£ê(§T�,n

înÿië�ù¿öÄ�ð:Ìë¯0ó  

 

O( PPT�57�®j¯°w�¥7Á�à(de'Ìë¿ÿ0 PPT�57�

î½L³UÓÔ°123DH5"® 96ÊËÌ4£7¤§( 200 µl(ABCM*o�

ëJ«KL7( 37ºC,83�*+®ïi°óÿ°|}~�w3® 5 ml( ABCM

*o�ëP�å«KL7( 37ºC ,83�*+®ïi°ó_�¿96 Ê deep 4£

7¤ 2Ý� 1.5 ml( ABCM*o®çêÌ¿8h(4£7¤�ß123(p®¿

íü8h(4£7¤�ß123' B. longum(±h®I3Ì°óI3jß ABCM

*o, 100c�abÌ°123�*+m® 15 µL¿abÌë¯%¯|}~�w3

�*+m® 18.6 µLI3Ì 24Ã]*+Ì°(Fig. 13)ó*+Í¿¡¢4£7¤¥7

¦7FL600 ®j¯ë GFP (¡¢¨"®�:Ì°ó�:Í¿d)Ô°»¬�4ê

(¡¢¨"(­(){��àv��y,ò0 ABCM*o(¡¢¨"(­®Y¯

°Í¿123È/*+Ã'123-|}~�w3)*+Ã(¡¢¨"®Væ/0

O',B. longum'()*+,¯�"�-./0123456787®56Ì°ó 

ö(¹º¿37 456787()*+m(�W¡¢¨"îÈ/*+�ùí 2 c

2��rÌ°(Fig. 14)ó-.î�rÌ° 37456787'ö(Ù#® Table 5�

�Ì°óO( 37456787�ßÓÿëÿ%¼Z(úû�(456787,ò

ù¿B. longumîÖþ/0'¿��*+�Vï1ñ-úû�-.îxð0O'î

�¨ÓÔ°óÿ°t3(v�Öþ/0¤v�w<787Vñ��<787úû

�(456787í¯-!(°<ÓÔë¯0O'()ít�§F(KL(l�

ùî�ùïðÔë¯0O'î�¨ÓÔ°ó 
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Fig. 13. ¡¢4£7¤¥7¦7®j¯°w�¥7Á�à(ª[È  

 

 

Fig. 14. B. longum;@���0 PPT�57�½L³Un(¡¢¨"AfÈ  

BCî PPT�57�® =/0123È/*+Ã(¡¢¨"¿DCî PPT�57�® =/0
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��rÌ°45�¤®EW,�Ì°ó  
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Table 5. B. longum'()*+:ÄÅ�-./0123456787  

 

Product

Membrane protein

bamA conserved hypothetical protein  , membrane

chaA calcium/sodium:proton antiporter

cusF periplasmic copper-binding protein

eutH predicted inner membrane protein

macA macrolide transporter subunit, membrane fusion protein (MFP) component

macB
fused macrolide transporter subunits of ABCsuperfamily: ATP-binding
component/membrane component

mdtM multidrug efflux system protein

mgtA magnesium transporter

proW glycine betaine transporter subunit

proX glycine betaine transporter subunit

pstB phosphate transporter subunit

qseC sensory histidine kinase in two-component regulatory system with QseB

srlA glucitol/sorbitol-specific enzyme IIC component of PTS

cdsA CDP-diglyceride synthase

dcm DNA cytosine methylase

fixC predicted oxidoreductase with FAD/NAD(P)-binding domain

glxK glycerate kinase II

lysC aspartokinase III

mraY phospho-N-acetylmuramoyl-pentapeptide transferase

serB 3-phosphoserine phosphatase

cheY chemotaxis regulator transmitting signal to flagellar motor component

envR DNA-binding transcriptional regulator

malI DNA-binding transcriptional repressor

mlrA DNA-binding transcriptional regulator

rpiR DNA-binding transcriptional repressor

tus inhibitor of replication at Ter, DNA-binding protein

Other

htpG molecular chaperone HSP90 family

rpsB 30S ribosomal subunit protein S2

rpsF 30S ribosomal subunit protein S6

Unknown

yabQ hypothetical protein

ycgZ hypothetical protein

ydeH conserved hypothetical protein

ygaR hypothetical protein

ygaU hypothetical protein

yiaG predicted transcriptional regulator

yjbJ predicted stress response protein

yjjQ predicted DNA-binding transcriptional regulator

*Ratio +/- : GFP intensity ratio of co-culture to pure culture

Regulator

Enzyme

    Gene *Ratio +/-

2.03

3.75

2.09

19.96

3.65

2.25

2.04

2.62

2.14

8.63

6.02

2.51

2.90

3.82

2.02

4.25

2.94

3.17

3.43

3.28

2.20

2.83

2.13

2.71

2.32

2.06

2.11

2.04

2.32

2.03

2.90

2.25

2.07

3.18

2.06

4.56

2.81

*Ratio +/-
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Table 6. B.longum CM,°<ÓÔ0123456787  

 

 

 3-3-2. |}~�w3*+��,-./0123456787  

 3-3-2-1. B. longum(*+��,-./0123456787  

! |}~�w3 B. longum'()*+,-.î�rÌ° 37456787�HÌ

ë¿QS'9B� B. longumî*+m��kl/04)((KL��ië°<Ó

Ôë¯0(Tü(�ï0L¿B. longum(*+��®j¯° CM��01234

bamA 2.0 5.5 2.71

cdsA 2.0 2.9 1.45

chaA 17.7 26.6 1.50

cheY 6.6 10.2 1.55

cusF 2.8 1.7 0.61

dcm 1.1 2.5 2.27

envR 1.6 1.7 1.10

eutH 3.1 3.9 1.27

fixC 12.8 20.0 1.56

 glxK 0.9 1.9 2.02

htpG 18.7 27.3 1.46

lysC 1.3 2.9 2.21

macA 1.1 1.4 1.19

macB 1.4 1.7 1.24

malI 7.8 8.9 1.14

mdtM 2.0 2.8 1.43

mgtA 1.5 2.2 1.51

mlrA 1.2 2.8 2.27

mraY 2.3 2.8 1.23

proW 1.5 2.2 1.48

proX 2.5 3.1 1.27

pstB 6.2 9.3 1.51

qseC 2.0 2.4 1.22

rpiR 3.0 3.4 1.16

rpsB 75.9 154.1 2.03

rpsF 61.0 102.1 1.67

serB 2.9 1.4 0.49

srlA 31.7 40.3 1.27

tus 2.7 2.8 1.07

yabQ 1.8 2.2 1.20

ycgZ 69.8 92.1 1.32

ydeH 1.0 5.4 5.55

ygaR 1.5 3.5 2.41

ygaU 31.7 43.9 1.39

yiaG 1.5 6.7 4.38

yjbJ 21.6 96.0 4.44

yjjQ 1.3 3.3 2.60

 *1RatioGene
GFP intensity

ABCM CM

*1Ratio  : GFP intensity ratio of CM culture to ABCM culture
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56787(·ã�:®ïi°óPPT �57�î½L³UÓÔ°123 DH5"

® Amp®ØÙÌ° ABCM*o�ëJ«KL7( 37ºC,83�*+®ïi°ó

�*+Í¿��Ì° Amp®ØÙÌ° CM 1.5 mL��*+m® 15 µLI3ÌP�

å«KL7( 37ºC , 24 Ã]*+Ì°ó*+Í¿t3t�®�3Ìë*+m®

ddH2OÏÐ�ûU®ïi°ó*+Í(t3*+m 1 mL® 1.5 mL(�^7��

öÌ¿klÙ, 10000 rpm¿10ç¿4ºC,klç?Ìt�®­®Óy��®ñw

ò£787�ë/5Ì°ó_�­®Ìë¯0t��1 mL(ddH2O®Ù@¹XÌ¿

3®� Ì°óö(Í¿�" 10000 rpm¿10ç¿4ºC,klç?Ìët�®­®

Óy��®ñwò£787�ë/5Ì°óö(Í¿ddH2O® 200 µLÙ@­®Ì

ë¯0t�®¹XÌ¿5cq°(t3Ðm®d°óö(Í¿¡¢4£7¤¥7¦

7MTP-880®j¯ë GFP(¡¢¨"®�:Ì°ó�:Í¿»¬�4ê(¡¢¨

"(){��àv��y'ÌëÐ�ûU�j¯° ddH2O (¡¢¨"®Yñ¿_

�»¬�4ê(¡¢¨"® OD600(­,Ï0O',õ7{vz�Ì°óõ7{v

z�ÓÔ°»¬�4ê(¡¢¨"®¿ABCM *o,*+Ì°Ü(¡¢¨",Ï

0O',¡¢¨"V®1ÿ°ó°1Ì¿õ7{vz�Ì°Ã·,¡¢¨"(­

î8F,ò0¬�4ê�!¯ëß¡¢¨"îG/¤0L¿ ¡¢¨"V(­��

)0-.Ìë¯%¯í('p%Ì°ó 

! ö(¹º¿ABCM *o,äÄ*+Ì°8��ùí¡¢¨"î 3 c2��rÌ

° yjbJ456787îd)Ô°(Table 6)óO(¹º() yjbJ456787ß B. 

longum î3F�kl/0çHK��ië°<ÓÔë¯0O'î�¨ÓÔ¿12

3'|}~�w3]( QS��ië°<ÓÔë¯0O'îÒ@)Ô°ó 

 

 3-3-2-2. È¼|}~�w3*+��,-./0123456787  

! _�O( yjbJ456787�!¯ë123 CMVÈ(|}~�w3¼ CM,

°<ÓÔ0(Tü(�ï°óÿ0 3-3-2-1'9B� E. coli W3110, E. coli DH5", B. 

longum, B. adolescentis, B. angulatum, B. bifidum, B. breve, B. catenura, B. 

kashiwanohense, B. psudocatenulatum, B. psudolongum, B. scardovii( CM® �Ì

°ó_� yjbJ456787î�57Á�àÓÔ° pGRN104( DH5"½L³Un

® 5 mL( Amp®ØÙÌ° ABCM*o¿J«KL7( 37ºC,83�*+Ì°ó

O(�*+m® 5 mL( Amp®ØÙÌ° CM� 50 µLI3ÌëP�å«KL7

( 37ºC, 24Ã]*+Ì°ó*+Í¿t3t�®�3Ìë*+m® ddH2OÏÐ

�ûU®ïi°ó*+Í(t3*+m 1 mL® 1.5 mL(�^7��öÌ¿kl

Ù, 10000 rpm¿10ç¿4ºC,klç?Ìt�®­®Óy��®ñwò£787

�ë/5Ì°ó_�­®Ìë¯0t�� 1 mL( ddH2O®Ù@¹XÌ¿3®� 

Ì°óö(Í¿�" 10000 rpm¿10ç¿4ºC,klç?Ìët�®­®Óy��

®ñwò£787�ë/5Ì°óö(Í¿ddH2O® 200 µLÙ@­®Ìë¯0t
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�®¹XÌ¿5cq°(t3Ðm®d°óö(Í¿*+Í¡¢4£7¤¥7¦7

MTP-880®j¯ë GFP(¡¢¨"®�:Ì°ó�:Í¿»¬�4ê(¡¢¨"

(){��àv��y'ÌëÐ�ûU�j¯° ddH2O (¡¢¨"®Yñ¿_�

»¬�4ê(¡¢¨"® OD600(­,Ï0O',õ7{vz�Ì°óõ7{vz

�ÓÔ°»¬�4ê(¡¢¨"®¿ABCM *o,*+Ì°Ü(¡¢¨",Ï0

O',¡¢¨"V®1ÿ°ó 

! ö(¹º¿yjbJ 456787ß E. coli W3110, E. coli DH5", B. longum, B. 

adolescentis, B. angulatum, B. bifidum, B. breve, B. catenura, B. kashiwanohense, B. 

scardovii CM, ABCM*o,*+Ì°8��ùí�W¡¢¨"î 2c2��r

Ì°(Fig. 15)ó¯�¿E. coli DH5"' B. kashiwanohense( CM,ß 5c2�(¡

¢¨"(�Ùîí)Ô¿yjbJ456787î123'|}~�w3î*+m��

kl/0)ä(çHK,°<ÓÔë¯0O'î�¨ÓÔ°ó8h ¿B. 

psudocatenulatum' B. psudolongum( CM,ß°<ÓÔ%(i°óO(O'()¿

|}~�w3¼��iëß yjbJ 456787®°</07�®çHÌë¯%¯

O'îÒ@)Ô°ó 

 

 3-3-2-3. ÉÊËÌ°t3*+��,-./0123456787  

! ��(|}~�w3( CM ,°<ÓÔ° yjbJ 456787,ò0î¿yjbJ 4

56787î QS9B*+m�(pç�M�K,°<ÓÔë¯0((¿>FL%

T(«ç�M�K,°<ÓÔë¯0((Tü(«SÌ°óö(L�¿ E. coli 

W3110, E. coli DH5", B. longum, B. adolescentis, B. angulatum, B. bifidum, B. breve, 

B. catenura, B. kashiwanohense, B. scardovii ( CM ® 100ºC , 10ç]ÊËÌ°

ACed CM ® �Ì°ó_� yjbJ 456787î�57Á�àÓÔ° pGRN104

( DH5"½L³Un® 5 mL( Amp®ØÙÌ° ABCM*o¿J«KL7( 37ºC

,83�*+Ì°óO(�*+m® 5 mL( Amp®¹º 100ºC , 10ç]ÊËÌ

° ACed CM� 50 µLI3ÌëP�å«KL7( 37ºC, 24Ã]*+Ì°ó*+

Í¿t3t�®�3Ìë*+m® ddH2O ÏÐ�ûU®ïi°ó*+Í(t3*

+m 1 mL® 1.5 mL(�^7��öÌ¿klÙ, 10000 rpm¿10ç¿4ºC,kl

ç?Ìt�®­®Óy��®ñwò£787�ë/5Ì°ó_�­®Ìë¯0

t�� 1 mL( ddH2O®Ù@¹XÌ¿3®� Ì°óö(Í¿�" 10000 rpm¿

10ç¿4ºC,klç?Ìët�®­®Óy��®ñwò£787�ë/5Ì°ó

ö(Í¿ddH2O® 200 µLÙ@­®Ìë¯0t�®¹XÌ¿5cq°(t3Ðm

®d°óö(Í¿*+Í¡¢4£7¤¥7¦7MTP-880®j¯ë GFP(¡¢¨

"®�:Ì°ó�:Í¿»¬�4ê(¡¢¨"(){��àv��y'ÌëÐ

�ûU�j¯° ddH2O (¡¢¨"®Yñ¿_�»¬�4ê(¡¢¨"® OD600

(­,Ï0O',õ7{vz�Ì°óõ7{vz�ÓÔ°»¬�4ê(¡ ¢¨
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"®¿ABCM*o,*+Ì°Ü(¡¢¨",Ï0O',¡¢¨"V®1ÿ°ó 

! ö(¹º¿E. coli W3110, E. coli DH5", B. adolescentis, B. bifidum, B. catenulatum, 

B. dentium, B. kashiwanohense, B. scardovii(CM,GFP(¡¢¨"îABCM*o

,(*+�Vï 2c2��rÌ°(Fig. 16)óO(¹º()¿OÔ)(123'|

}~�w3,( yjbJ (°<�ß CM �(pç�M�KîýIÌë¯0O'î�

¨ÓÔ°óÌ(Ì¿B. longum, B. angulatum, B. breve, B. psudocatenulatum, B. 

psudolongum ( CM ,ß°<ÓÔ%(i°ó°1Ì B. psudocatenulatum ' B. 

psudolongum�!¯ëß 3-3-2-2,ïi°ÉÊËÌë¯%¯ CM,í°<ÓÔ%

(i°¹º'�JÌë¯0O'()K<1'¯@0óÌ(Ì¿ B. longum, B. 

angulatum, B.breveßÉÊËÌë¯%¯ CM,°<ÓÔ0O'()¿OÔ)(|

}~�w3 CM,( yjbJ(°<�ß CM�(ÉÊË,·ã®Lü>FL%T(

«ç�îýIÌë¯0O'î�¨ÓÔ°ó 

 

 

Fig. 15. |}~�w3 CM,-.î�r/0123 yjbJ456787  

chaA456787ß123 CM®¹º8T(MN,°<ÓÔ°ó rpsB!rpsF456787ß B. 

longum ( CM ,°<ÓÔ°1�,¿È(,ë( CM ,°<ÓÔ%(i°ó yjbJ 456787ß

J-(CM,°<ÓÔ°î¿B. psudocatenulatum'B. psudolongum(CM,ß°<ÓÔ%(i°ó  
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Fig. 16. ÉÊËÌ° CM,°<ÓÔ0 yjbJ456787  

ÙÉÊËÌ°123®¹º��( CM , yjbJ 456787î°<ÓÔ°óÉÊËÍ(123(

CM,¨-°<ÓÔ°(�HÌ¿Ñ� B. longum( CM,ß°<ÓÔ%-%i°ó  

 

 3-3-3. B. longum'()*+ÍÎÅ�-./0123456787  

 3-3-3-1. B. longum'()*+ÍÎÅ�-./0123456787  

! 3-3-2-1,�ÓÔ°�ü�|}~�w3 B. longum'()*+:ÄÅ� 37(1

23456787(-.î�r/0O'î$)('%i°î¿OÔ)4567

87îB. longum'()*+��iëw¤£w×Ø"�t�°<ÓÔë¯0((¿

öÔ'íÈ(úû�îÿ0O�°<ÓÔ¿ö(-.Ì°úû��ië]�"�

°<ÓÔë¯0((îÀ$,òi°óöO,¿O( 37(123456787�

HÌë¿w¤£w×Ø(�ü� B. longum')*+Ìë�Ã],°<ÓÔ045

6787îò0(Tü(®�ï°óíÌ�Ã],°<ÓÔÔf¿B. longum'(

è���iët�-.°<ÓÔ0456787,ò0O'îÒ@)Ô0óÿ0

PPT�57�î½L³UÓÔ°123 DH5"® 96ÊËÌ4£7¤�ë 200 µl(

ABCM*o�ëJ«KL7( 37ºC,83�*+®ïi°óÿ°¿|}~�w3

® 5 ml( ABCM*o(�i°keq 3@,P�å«KL7( 37ºC,83�*

+®ïi°ó_�¿ÌÌ-jPÌ° 96ÊËÌ4£7¤(»��ê�|}~�w

3�*+m® 100 ml0!çêÌ¿öO�»123�*+m® 100 mlÙ@è�Ì

°ó+ù(123�*+m 100 mL(�i°4£7¤'|}~�w3'(è�*

+m(�i°4£7¤( 2Ý®P�å«KL7( 37 ºC, 1Ã])*+Ì°ó*

+Í¿9Õ(J«7, 2Ã]´��Ó)Ì°Í¿ò)(�ÿ ABCMmn*o®
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400 µLçêÌë�¯°�:j�^7���:/0t3*+m 100 µL0!®öÌ

ë 5cabÌ°óO(kgÐm�HÌ¿}57¬z¤­¤¥7FACS Calibur�ë

�W¡¢¨"®�:Ì°ó}57¬z¤­¤¥7ßÐm�£7Ç7¢®©ªÌ¿

ö(��¢VAQ¢¿¡¢%T®�:/0O',¿Ðm�(t�%T(�*� 1

! 1 !(1ñÓ¿o"¿¡¢¨"%Tî�:,ñ0ó@de,ß��*+��

)*+m�( 10R#(�*�( GFP(¡¢¨"�:/0O',¿B. longum'

()*+ÍÎÅ�-./0123456787®w�¥7Á�àÌ°ó 

! ö(¹º¿37456787(üý proX456787(�57���¯ë¿)

*+Ã�È/*+�ùí�W¡¢¨"î�rÌ°(Fig. 17)óÿ°��*+,í)

*+,í-.Ìë¯%¯123456787î 30 456787(bamA, cdsA, 

chaA, cheY, cusF, dcm, envR, eutH, fixC, glxK, htpG, lysC, macA, macB, malI, mdtM, 

mgtA, mlrA, mraY, proW, pstB, qseC, rpiR, serB, tus, yabQ, ydeH, ygaR, yiaG, yjjQ)ò

i°óO(123 30456787ß�Ã]( B. longum'()*+,ß-.y

0¿°<ÓÔ0(�Ã]î((0'Ò@)Ô°óÓ)�¿��*+,í)*+

,í°<ÓÔë¯0123456787î 6456787(rpsB, rpsF, srlA, ycgZ, 

ygaU, yjbJ)òi°óO(123 6456787ßTÔí��*+�ùí)*+Ã

( GFP(¡¢¨"î7îië¯0�ü�í@°óÌ(ÌdÜß¿)*+Ã(�

:Ðm�ß GFP ®-.Ì%¯|}~�w3í¹ÿÔë�ù¿ÿ°@de,ß 1

!(�:Ðm�HÌ}57¬z¤­¤¥7,10R#(�*�(GFP®�:Ìë

�ù¿ö(��¹ÿÔ0123(�ß��*+�Vïë)H"�Sý/0O'

()¿¡¢¨"îp7Ìë¯0�ü�í@ë¯0'Ò@)Ô0óO(O'®ü

ÿ@0'¿OÔ)123 6 456787ß)*+�Å,ß-.j�xMî%(

i°'Ò@)Ô¿�T(123 30456787'9B��Ã]( B. longum'

()*+,ß-.y0¿°<ÓÔ0(�Ã]î((0'Ò@)Ô°ó 
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Fig. 17. B. longum'()*+ÎÅ�-./0123456787  

» PPT�57�(123½L³Un(È/*+(Éw¤àvá (ì)' B. longum'()*+Ã(

Éw¤àvá(�)®VæÌ°óÆÑd~�©�¤57ê'Ìë W3110 ®¿<Òd~�©�¤5

7ê'ÌëW3110/pGRH313®ÚjÌ°ó  
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Fig. 18. pro|�5�(ôõá�ÚÒ' pGRK252(Ú?È  

proXß pro|�5�(ì7��ÎûÌë�ù¿|�5�(OUúû� proV���Öþ/0 3!

(³´µ¶·()³´ÓÔë¯0óÌ(Ì¿pGRK252ß pGRP� proX(µ¶©y�®¹º��

703 bpî�57Á�àÓÔ°4vwxy,ò0O'()¿O( 703 bp(��456787��

îò0O'î*�ÓÔ°ó  

 

 3-3-3-2. proX456787(³´µ¶·(¸:  

! 123 proXúû�ßà¥`�>8z�¤v�w<787(¬�VÁ�¤®©

7yÌë¯0(Barron et al., 1987)óÿ° proX úû�ß123ôõá�, proV, 

proW 'W�|�5�ÚÒ®'ië�ù¿pro |�5�(ì7��ÎûÌë¯0

(Fig. 18)ó|�5�ÚÒ() proVWXß9�³´ÈÎ,³´ÓÔë�ù¿OÔÿ

,� proV���³´µ¶·î 3!9:ÓÔë¯0(Gowrishankar, 1989)óÌ(Ì¿

@HI,j¯° proX456787( PPT�57�ß proX(µ¶©y�®¹º

�� 703 bp®�57Á�àÌ°í(,òù¿ö( proX456787î B. longum

'()*+ÎÅ��¯ë°<ÓÔ°O'()¿proX ���456787��î

ò0O'î*�ÓÔ°(Fig. 18)óöO,4vz{7±²C�ë³´µ¶·(¸:

®ïi°óÿ0 PPT �57�( proX 456787î�57Á�àÓÔ°

pGRK252(½L³Un® 5 mL( ABCM*oJ«KL7,¿B. longum® ABCM

*oP�å«KL7,�*+Ì°ó_� 10 mL( ABCM*o(�i° 6@(k

eq�123�*+m® 50 µL 0!I3Ì83J«KL7,*+®ïi°óÿ

°9B� B. longumí 3@(keq� 50 µL0!I3®Ìë83P�å«KL7

( 37 ºC,@*+®ïi°ó*+Í¿123î*+ÓÔ°keq 3@�ß ABCM

*o®» 10 mL0!�Ôè�Ì¿+ù( 3@�ß B. longum(*+m®» 10 mL

0!�Ôè�Ìë()P�å«KL7( 37 ºC, 1Ã]*+®ïi°óO( 2¼

Z(*+t�() total RNA®¬lÌ°ó_�4¢"()hlÌ°q"()óh

Ì° total RNA 2 µgç® 0.8%ñÑ57w�«�~,ÓµÌ¿RNA(�"'q"

proX!proV! proW!

Identified 3 proV promoters!

ATG!

703 bp!

rrnB3 
rrnB2 

pGRK252 

Amp 
rrnB1 

rrnB4 

EGFP 

DsRed EX 
lacUV5 
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®6uÌ°ó_� total RNA 40 µg�HÌë4vwxy�( GFP�H/0 FITC

v>êÓÔ°4vz{7EGFP-anti-FITC®j¯ëÑ³´!×®ï¯ pGRK252(

proX 456787()³´ÓÔë¯0 GFP ( mRNA �H/0 cDNA ®�ÂÌ

°óÿ°�s(9 FITCv>ê4vz{7®j¯ë¿proX456787mX(`

7_�wv¦7í��Ì°ó��Ì° cDNA '`7_�wv¦7®¡¢;~

DNAçX�û DSQ-500L (YZ� ç�)�ëçXÌ cDNA({�y(Îû()

³´µ¶·®¸:Ì°ó 

! ö(¹º¿PPT �57�(123½L³UnÈ/*+BA( cDNA ({�y

ß6u,ñ%(i°óöÔ�HÌ¿B. longum'()*+BA( cDNA({�y

ß6u,ñ°(Fig. 19)óO(O'() proX456787î B. longum'()*+

Ã�³´£>ê,°<ÓÔë¯0O'î$)('%i°óÿ° cDNA ({�y

(Îû()³´µ¶·ß proX(µ¶©y�()�� 13 bp(Îû(Å� A,ò

0O'îç(i°óO(Ì[³´µ¶·(���ß456787&',ò0-10

S��w'-35S��w(&'í6u,ñ°(Fig. 20)ó 

 

 

Fig. 19. 4vz{7±²C��0 proX³´µ¶·¸:  

123(p(£7��ß PPT ( proX�57�BA( cDNA ({�yî6u,ñ%¯(�HÌ¿

B. longum'()*+Ã�ß{�yî6u,ñ°ó  
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E.coli + B.longum!
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Fig. 20. proXúû�(³´µ¶·'456787��  

³´µ¶·ß proX(\]µ¶·()�� 13 bp�Îû/0Å� A,òi°óÿ°³´µ¶·�

�*�ÓÔ0456787��®�Ì°ó 

 

 3-3-3-3. rpoS, beaSR, cpxAR( proX456787-.Ï(ÐÑ   

! proX 456787ß B. longum '()*+Ã�Î¯_`()°<ÓÔë¯0

O'()¿B. longum(Öþ�HÌw¤£w×Ø,°<ÓÔë¯0O'îÒ@)

Ô°óÌ°îiëw¤£w×Ø(£�^£787úû�î proX456787(

°<�ýIÌë¯0O'îÒ@)Ô°óproX 456787(°<�ýIÌë¯

0£�^£787úû�'Ìëÿ0Ò@)Ô°(î rpoS,ò0órpoSß $
S®©

7y/0úû�,òù¿ÿ° $
Sß:ÄÅ���0w¤£w×Ø(à57{ê£

�^£787(^'!,ò0(McRobb et al. 2002)óÓ)�123ît� B. longum

(Öþ®t//0�ß��w¤£w%T�ý0Ì°©�¬7>FL(ýIîÒ

@)Ô°ó123,ß��w¤£w×Ø(ÁÂç³_U( beaSR, cpxARîÒ@

)Ô°(Mone et al., 2009; Otto, and Silhavy, 2002)ó 

�s( 3 !(w¤£w×Øã(£�^£787()(³_®G�ë¯0(¿

èRu' rpoS, beaSR, cpxARúû�`au���0 proX456787(-.®

Væ/0O',�ï°óE. coli BW25113 (WT), E. coli JW5437 (!rpoS), E. coli 

BW27553 (!beaSR), E. coli BW27559 (!cpxAR)(©�òd�¤©ê® �Ì proX

456787î�57Á�àÓÔ° pGRK252®½L³UÌ°óO(½L³UÌ

°123u® ABCM*o 5 mL®�Ô°keq 2@�ëJ«KL7( 37ºC,8

3�*+Ì°óÿ° B. longum® ABCM*o 5 mL�ëP�å«KL7( 37ºC

,83�*+Ì°ó*+Í¿123u*+m 5 mL® ABCM*o 5 mL�� B. 

longum(*+m 5 mL'öÔrÔè�Ì¿P�å«KL7( 37ºC,*+Ì°ó

*+�¿YÃ"�*+m 200 µL®¬�4¥�àÌë 96ÊËÌ4£7¤�öÌ¿

proX!proV! proW!

+1!-10!-35!
aagtaactctgcacttgcccggtgacgccgggcattatcaccctgccaaaaaaaggaataacaatgcga!

proX!

5’!

3’!catagcgtactttttgcgacagcgtttgccacgcttatctctacacaaacttttgctgccgatctgccgggcaaa!

gactcacgcagtcgcggcaaccgtcgctggtacaccactggccctgttggtctgctgacccgcccattcatt!

proW 

AspSerArgGlyAsnArgArgTrpTyrThrThrGlyProValGlyLeuLeuThrArgProPheIle!

Lys! MetArg!

HisSerValLeuPheAlaThrAlaPheAlaThrLeuIleSerThrGlnThrPheAlaAlaAspLeuProGlyLys!
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¡¢4£7¤¥7¦7(©5ª�«�MTP-880)�ë�W¡¢¨"®�:Ì°ód

)Ô°»¬�4ê(¡¢¨"(­(){��àv��y,ò0 ABCM*o(¡

¢¨"(­®Y¯°Í¿`au,¡¢¨"® WT (¡¢¨",Ï0O',¡¢

¨"V®1ÿ°ó 

! ö(¹º¿è�Ìë() 24Ã])*+Ì°îèRu'»úû�`Lu,¡¢

¨"�%�ß%-¿-.j�xMßí)Ô%(i°(Fig. 21)óO(O'() rpoS, 

beaSR, cpxARß proX45676787(°<�ýIÌë¯%¯O'î$)(�

%i°ó 

 

 

Fig. 21. !rpoS, !beaSR, !cpxARu���0 proX456787·ã  
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a4b  Ò�  

4-1. 123 W3110'»¼|}~�w3()*+,½ÂÓÔ0t3Õ  

! 123 W3110 '|}~�w3u(���"��*+m pH ß3¼�'��%

ù¿ÿ°|}~�w3(hî*+m(´ã"î«¯¹º'%i°ó123ßä

ãå«ã3,òùJ«KL¿å«KL�((ð)0RÀ,ñ°î¿|}~�w

3ß3¼��ië���"î123'9Q"(�"(¼'���Ã](((0

¼î��ÓÔ°óO(ËB'Ìë|}~�w3(3¼],(RÀ÷:()¯î

Ò@)Ô0ó|}~�w3ß¿ãå«ã3,ò0L¿äÄß2§(�ü�å«

ãKL7,%¯'RÀ,ñ%¯(1î¿3¼��iëßbc§%T()íÈ?

ÓÔë¯03¼í�ù¿Væ"J«�[¯÷:,RÀ,ñ08�íò0óO(

�ü�K×,ñ0÷:î3¼�'�)üO'()¿P;mn*+�j¯°

ABCM *o,(*+�íK×ÌV/¯3¼'öü,%¯3¼î¯°'Ò@)Ô

0óÿ°|}~�w3(*+m(´ã"î«-%0O'í|}~�w3î12

3'�%0¿ãå«ãt3,ò0O'��7Ìë¯0'Ò@)Ô0óöÔß|

}~�w3îzÆê�77Ý�´�®dj/0O'î,ñ%¯L¿³´-´�

�iëzÆê�7®dë�ù¿´�®dj/0�ùízÆê�7egîf¯ó

ö(L¿|}~�w3(���"î123�Vïþ-%0'Ò@)Ô0óÿ°¿

³´-´(�Q,³´'g´®zR/0L¿|}~�w3*+mß123�ù

´ãå�`}¤Ìë¯0ó 

! _�123W3110'»|}~�w3()*+ï¯¿ö()*+m����0

»3(R3�® CFU/mL ,hlÌ°¹º¿123'|}~�w3(I3t��

�ì1 10000 c[-(%îò0�í((ð)0:ÄÅÿ,)*+®ïü'|}

~�w3¼'()*+��¯ë»3(R3�(%ß 10c.à�%i°(Table 4)ó

¯�¿È/,(���"î123�VïöÄ�þ(i° B. psudolongum '()

*+�¯ëí¿:ÄÅÿ,*+/0'123'|}~�w3](R3�(%ß

R'STí)Ô%(i°óO(¹ºß)*+m�,ß123'|}~�w3î

ö(���"�ý0%-¯:(t3Õ�2ýã-'O®PhÌë�ù¿123

'|}~�w3],4)(()£ jî�ñë¯0O'î�¨ÓÔ°ó 

 

4-2. B. longum')ÖÃ(123(×ØÙÚ  

! PPT�57�®j¯|}~�w3 B. longum'()+Ã�-.î�r/012

3456787®56Ì°¹º¿37 (123456787î°<ÓÔ°óOÔ

)-.î�rÌ°456787®çZ/0'¿t�FKL®t//0©�¬7

>FLVKLij�ýð0¤v�w<787Vñ��<787%Tv�Öþ/
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0>FLúû�(456787î 13¼Z¿´�î 7¼Z¿³´7�%T(£�

^£787î 6 ¼Z¿ö(Èî 3 ¼Z¿Ù#./úû�î 8 ¼Z¹ÿÔë¯°

(Table 5)ó̄ �¤v�w<787Vñ��<787'¯i°v>FLúû�(4

56787îJ-°<ÓÔë¯0O'()¿B. longumÖþ7,ß123ß»¼

"t�F'KL(Vù'ù®ï¯¿FT÷:®t/Ì�ü'k0lië¯0O

'îÒ@)Ô°óÌ(Ì¿|}~�w3(*+��BA( CM ,ßOÔ)(4

56787ß°<ÓÔ%(i°óö(ËB'Ìë CM ® �Ì°Ü�¿´ã,

òi°*+m®�ãÿ,�WÌ°O'îÒ@)Ô0ó!ÿùOÔ)(v>FL

ß´ã"��ië°<ÓÔë�ù¿�ãKL7,ß°<ÓÔ%¯O'®�¨Ì

ë¯0óÿ°¯-!((Ù#./úû�(-.í�rÌë�ù¿OÔ)(úû

�(��B. longum'(t�]©x^Á_7`a��ýð0úû�î¹ÿÔë¯

0O'íÒ@)Ô0ó 

! |}~�w3 B. longum'()*+,-.î�rÌ° 37456787(üý

B. longum( CM, yjbJ456787î°<ÓÔ°(Fig. 15)óO(¹º()¿yjbJ

456787ß QS (�ü�*+m��klÓÔ04()(KL��ië°<

ÓÔë¯0O'î�¨ÓÔ°óÿ°O( yjbJ 456787ß123��È(|

}~�w3 CM ,í°<ÓÔ¿àváâã3'àvá�ã3(],�m-�ñ

0 QS,ò0O'îÒ@)Ô°ó.þ¿àváâã3'àvá�ã3]( QS®

�h/0`àªêç�(��n®�Â/0>FL'ÌëLuxSîbcÓÔë¯0ó

O( LuxS®©7y/0 luxSßt3(¼®nð0�m- ÖÓÔë�ù¿@HI

�j¯°3u(R'STîO( luxS®=ië¯0óÌ(Ì¿QS��ië°<Ó

Ôë¯0'Ò@)Ô0 yjbJ 456787,ò0î¿luxS úû�®ôõá��=

ië¯%¯123 DH5"( CM ,°<ÓÔ°óÿ°Ñ� luxS úû�®ôõá�

�=ië¯0 B. psudocatenulatum' B. psudolongum( CM,ß°<ÓÔ%(i

°óOÔ)(¹º()¿yjbJ456787(°<ßoÖ(àváâã3'àvá

�ã3] luxS (ýI/0 QS 'ß�%0 QS `wdá,ò0O'î�¨ÓÔ°

(Fig. 22)ó 

! B. longum '()*+ÍÎÅ�-./0 proX 456787ß3n§F(p�

��W�ý0Ìë¯0à¥`�>8z�¤v�w<787(¬�VÁ�¤®©

7yÌë¯0óÙ#'Ìëßà¥`�>8z�®uv/0¤v�w<787(

©�¬7®qië¯0óÌ(Ì¿proX456787ß B. longum( CM,ß°<

ÓÔ%(i°O'()|}~�w3(çH/0M�K®t/Ìë¯0ð�,ß

%¯'Ò@)Ô¿proX456787(°<�ß123n([r� B. longum3n

(ÖþîÖ6,ò0O'î�¨ÓÔ°ó(Fig. 22)óÿ° pro|�5�(7�(ú

û�,ò0 proX(pî B. longum'()*+,¿w¤£w×Ø(�ü�°<Ó

Ôë¯°O'()¿¤v�w<787'ÌëÙ#Ìë¯0ð�,ß%¯O'î
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�¨ÓÔ°óÓ)� pro|�5���1�,%- proX���í456787�

�îò0O'î�¨ÓÔ°óöO,4vz{7±²C�ë³´µ¶·(¸:®

ïi°¹º¿³´µ¶·ß proX(µ¶©y�()�� 13 bp(Îû(Å� A,

ò0O'îç(i°óÿ°³´µ¶·(���-10 S��w'-35 S��w(&

'í6u,ñ°óO(O'()|�5�ÚÒ®'ù9�³´ÈÎ,³´ÓÔë

¯0úû�s(�,í¿t(Ù#(L�È/,³´ÓÔ0úû�îò0O'î

�¨ÓÔ°óÓ)� proX456787ß B. longum'()*+ 1Ã],°<Ó

Ô°O'()w¤£w×Ø(�ü�°<ÓÔ0456787,ò0'Ò@)Ô

°î¿B. longum'()*+Í,ßw¤£w×Øã(£�^£787,ò0 rpoS, 

beaSR, cpxAR(³_®G�ë¯%¯O'î$)('%ù¿proX456787ß

w¤£w×Ø'Ìë rpoS, beaSR, cpxAR��ië°<ÓÔë¯0(,ß%-¿4

)((t( j,°<ÓÔë¯0O'îÒ@)Ô°ó 

 

 

Fig. 22. 123' B. longum](t�]©x^Á_7`a�`wdá6éê  

123 yjbJ456787ß123��¿|}~�w3î3F�kl/0oÖ( AI-2'ß�%0

pç�M�K��ië°<ÓÔ0óÿ°¿123 yjbJ 456787(°<�ß|}~�w3n

ö(í(îÖ6,ò0ó  

Bifidobacterium !

yjbJ!

Low molecular compound ?!

E. coli!

E. coli!

?!
?!

proX!

Bifidobacterium !

?!
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Name S primer sequence (5'!3') length/mer Name T primer sequence (5'!3') length/mer

H001 ygdH (JW1596) H001S TATGTGATGCATGAAAAACTCCTTATGGGA 30 H001T ACTATCGAGATCTATGAATTCACTACTGAC 30

H002 ydcN (JW1430) H002S GAGATTATGCATGCGACTCCTCCGGCAAAA 30 H002T AGCGTAAAGATCTCCCGGCAAGCATTGCCG 30

H004 argO/yggA (JW2890) H004S CGATGCATGTTGGATATTCCGAATTAAGTATC 32 H004T GAAGATCTCAGACGGTAAAATTATCGTTATTCC 33

H005 yjiC (JW4288) H005S CGATGCATAATAGTTACCTTTTATGAGTATTTCAC 35 H005T GAAGATCTTTTTCCATAGCCATTCCCTTTTG 31

H006 yjiD (JW5782) H006S GAAGATCTTAAAGGGTAGGAAACACTCTAAAG 32 H006T CGATGCATTTTGCGCACTCCTGAC 24

H007 torY (JW1862) H007S CGATGCATAGATTCCTCTAATTAAATTACTGG 32 H007T GAAGATCTCAAGGATTGTCCATGTCATCAG 30

H008 yfaL (JW2227) H008S CGATGCATATTAATCTAACCATCATTTTCTATAAG 35 H008T GAAGATCTGGAAGGAAAAAGTGGCTTTCG 29

H009 nrdA/dnaF (JW2228) H009S GAAGATCTACGGCGTATTTAATCGCATTATAC 32 H009T CGATGCATGTATGTCGTACCTGTTTTTG 28

H011 fimE (JW4276) H011S GAAGATCTTATTCGTCATACTGTCTGGTATAC 32 H011T CGATGCATAATAGTAGTACTCCTAACTG 28

H027 yeaM  (JW1779) H027S CCTGTGATGCATTTTGTCCGAACTTAGCGA 30 H027T TTTAATTAGATCTGGCAGTAAGACATTGCC 30

H028 yeaN  (JW1780) H028S GGGTCAAGATCTCAGCACGCTGAGTCGTCG 30 H028T TGAACAATGCATATGCTTCTCATTGTTACA 30

H032 yzgL (JW3390) H032S CGATGCATTATTCTTTCCATTCTTTTTGAATGG 33 H032T GAGGATCCCGACCTTAGCCTGCTTAATG 28

H033 ycjY (JW5804) [1320] H033S CGATGCATGGAGTTGTCGGTTCG 23 H033T GAAGATCTAATATCAATTTCAGGATGCGATTTC 33

H034 ymjC H034S CGATGCATGAAAATTATCCCAGATTATTGGC 31 H034T GAAGATCTCGTTGAAGCGGGTTCAAAC 27

H035 mpaA (JW1319) H035S CGATGCATATCCTTTTCTTCAACGCTATGTC 31 H035T GAAGATCTTGCTTACCATATGGCGGAAG 28

H036 ycjZ (JW1321) H036S GAAGATCTCAATTCGGGTATTGTCGAC 27 H036T CGATGCATTCAGTATCTCCATGCAATC 27

H037 rfaB (JW3003) H037S CGATGCATTGTTTTAACGGTTTTATTTGTCTATAAAATCAG 41 H037T GAAGATCTTATTGAACATGGCAAGCGTTAAG 31

H038 rfaQ (JW3607) H038S CGATGCATCTTTATGACCAGGATTTTTCG 29 H038T GAAGATCTCAGATCAGCGGCTGAATAAG 28

H039 ampG (JW0423) H039S CGATGCATGGGCGTCTACAGG 21 H039T GAAGATCTGCGTCACCGTAAGCATTAATG 29

H078 ymcC (JW0969) H078S AAGAGGATGCATCTTTAATCCTTGAAAGGT 30 H078T GAAACAAGATCTTTCTGCAATCCTTATGGC 30

H087 mog/mogA/chlG/bisD/yaaG (JW0008) H087S GAAGATCTCCGATAAGAAAGAGTACGCTCC 30 H087T CGATGCATCAAGATTTTTCCGTTTAAACAGTCTCG 35

H089 yaaW /htgA/htpY (JW0010) H089S CGATGCATTTTTTGTGGCTTCTATATTCTGGCG 33 H089T GAAGATCTAATCTTCTCTTTATCAGCAGTAAACTA 35

H097 lspA /dapB/ileS (JW0025) H097S GAAGATCTGAAGTGTGGGGCTACCTGCCGG 30 H097T CGATGCATCAGGCAAACTTACGTTTTTCACCG 32

H098 fkpB /slpA/yaaD (JW0026) H098S GAAGATCTCCCGCTGTTCCCGTCGCTTAATC 31 H098T CGATGCATGCAGGTTTGCTCTTATATTTAAGG 32

H104 caiC /yaaM (JW0036) H104S CGATGCATTTTTGTTCGTTTGTTATTGGGCGGGCG 35 H104T GAAGATCTCTTTAAAGATATTGGCCTCGCAC 31

H105 caiB /yaaN (JW0037) H105S CGATGCATTATTTGCTCCTGAAAAATTTATGTAGCGC 37 H105T GAAGATCTGATGCGGCGCGCTACGCCAATC 30

H106 caiA /yaaO (JW0038) H106S CGATGCATCTTTCAACCTCTTGATATTTTGGGGG 34 H106T GAAGATCTTCGGCATGGTGCTGGGGCTGACAGCG 34

H107 fixB /yaaR (JW0041) H107S CGATGCATAGCATCCCCTGTAATTAAATGAC 31 H107T GAAGATCTCTGCCGCAACAAACGGCGAGCGC 31

H108 fixC /yaaS (JW0042) H108S GAAGATCTACGCACACCGTGGAGTGGCAGGC 31 H108T CGATGCATAAGAGCTCCCTGTCAGCGGCAGGGCC 34

H109 fixX /yaaT (JW0043) H109S GAAGATCTCCGGCCGTTGCACCGCTGATCG 30 H109T CGATGCATAAAACGGTCACTCCTTTCATGCC 31

H121 yabQ (JW0056) H121S GAAGATCTGATAAACAGACTGAGGCTTATA 30 H121T CGATGCATGGTAGCACCGTCCAGGTTAGCACCG 33

H125 sgrR /yabN (JW0068) H125S CGATGCATAAAAGGGGAACTCCTGTGCAAAAG 32 H125T GAAGATCTATAGCATTCACCGTATAAAAGAGGCC 34

H135 mraY /murX (JW0085) H135S GAAGATCTAATGCGCTGGCAGCCGCTGCGC 30 H135T CGATGCATGTCCCATTCTCCTGTAAAGCGCG 31

H138 murG (JW0088) H138S GAAGATCTACCGCATTCTGGAACCCGTGGGAAGA 34 H138T CGATGCATCGTGAACCTCGTACAAACGCCTGCGC 34

H139 murC (JW0089) H139S GAAGATCTCTGGGTGATTCAGTCACTATCTGGC 33 H139T CGATGCATTCTTTACGCCATTAACTTCTTA 30

H140 ddlB /ddl (JW0090) H140S GAAGATCTGACTGGTCGCCGTTTTGATTTCCTCGG 35 H140T CGATGCATGTTGTTCTTCCTCCGGAGTTTGCGGC 34

H152 yadI /agaX (JW0125) H152S GAAGATCTGCAATTTCACTGTTTTTTGTGCC 31 H152T CGATGCATCGCCTTCCTCCTTAGCCGAAAATC 32

H154 yadC (JW0131) H154S CGATGCATTTTTACTCCAATGTTTCTTTATTG 32 H154T GAAGATCTCCAGGGTAATATTGATCTTGGCG 31

H156 yadM (JW0134) H156S CGATGCATTTGACGTCCCTTGTAGTTACTG 30 H156T GAAGATCTTCCAGGTGCTCAAGGAGCGCGA 30

H162 cdaR /sdaR/yaeG (JW0158/JW5013) H162S GAAGATCTCAGCAAACTGACCCTGGGCTTAC 31 H162T CGATGCATAAGTCCTCCGTTATGCACGGCT 30

H163 yaeH (JW0159) H163S CGATGCATAGCGTTACCTCAAAATGAGTCAG 31 H163T GAAGATCTTTCGAACTGGTAGGCACTGGTG 30

H313 ygiT(JW2989) H313S CGATGCATTGACTCTTCTTTATTCATGATGCTCTC 35 H313T GAAGATCTCCTGACTCCAGCTTCCCTTATAAATTC 35

K001 dnaK K001S GAATATTCAAGATCTGACTGGCGCTA 26 K001T TATTTTATGCATCTAAACGTCTCCAC 26

K002 dnaJ K002S AAGCACAGCCAGATCTTCTCTACCGCTGAA 30 K002T CTTGCTTATGCATCTTTTTTAAATTGCCCC 30

K007 polB K007S CCTGCCTGATGCATGCTGAAAATCCATC 28 K007T CTTTGTGATCAGATCTTCCGGCGTCGAT 28

K010 ppdD K010S CCGCGTTGCTTATGCATCTGTTTCGCTCCT 30 K010T CCCTTTCAGGAAGATCTAGTAAGGTACGCC 30

K014 hemL K014S CAGACTTATGCATGGAGGGTTCCTGATTCG 30 K014T CCCCTTAGATCTCCGGGATCCCCGAACCAC 30

K015 lpxA K015S CCGTTTCCAGATCTTACTGGTGGATCGCGT 30 K015T GGATTTATCATGCATGTATCAGGCCTCCCG 30

K017 dnaQ K017S ACTGGTTTTAGATCTGCGGTTTTCCAGCCA 30 K017T ATTGCAGTATGCATAGCGGTCATTTATGTC 30

K018 dinJ K018S AACGCGTTAGCATGCATTGGGGTATCTCCT 30 K018T GGAGCAGGAAACAGATCTGGATGCTGTTTT 30

K019 dinP K019S ATGGAAGCAGATCTGGAGATGGAGATTGTT 30 K019T TGATTTTATGCATTGCTCACCTCTCAACAC 30

K027 mhpT K027S CGCGAAACGCTGAGATCTGGATACGCTGGT 30 K027T TGAATCGCGACTGATGCATTGCCAGCCGCG 30

K030 phoB K030S GAGGCAAGATCTGCGGCGCATGTCCGGCGC 30 K030T CGTCTATGCATGATTTGCCCTGTTGTAATA 30

K031 phoR K031S GGCTTAGATCTGGTCGAAGCGGAAGATTAT 30 K031T CGTTCATGCATGTAAGATACTCCAGTTAAG 30

K035 yajR K035S TCGTTCATATGCATCTCTGTTTTAAATTCG 30 K035T GCCTGTGGCAGATCTCTCACTCCTATG 27

K037 mdlA K037S CCGAATAACGAGATCTCTTCCAGCACC 27 K037T GAGCAAATAAATGCATGCGTTGTGTCCTGA 30

K039 acrA K039S TGTTCACTCATATGCATAGGAAAGTCACTT 30 K039T CCCACCAGATCTATACCGCGAAAATCA 27

K041 priC K041S GCAGGGCGGTATGCATGATAAGACCTCAAT 30 K041T CCCATGAGATCTGGACGAACCACAGAGAAA 30

K042 ybaL K042S GCGGGGTGGCGTGATGCATTCCGTCTCCTT 30 K042T GCTATTACAAGATCTATCTGATGCAAAAAT 30

K043 fsr K043S TGTTCACTCATATGCATAGGAAAGTCACTT 30 K043T CCCACCAGATCTATACCGCGAAAATCA 27

K049 fimZ K049S CGTTGGATGCATAGTTACCAGTCTCATAGG 30 K049T GTGATAGATCTGGCAAGCATCACAAATGGG 30

K050 emrE K050S CCTGCGTGGAGATCTTCTTTCATTCG 26 K050T ATATAAGGATGCATAGCATATTCTTTCCTG 30

K051 vboR K051S CATTTTATGCATGGTGTTATTCCCGATGCT 30 K051T GTTGTAAGATCTAAATTCTCAAGAAATACG 30

K052 ylcA/cusR K052S CAACAGATGCATATTTCCTCCGCATGTTGC 30 K052T GCGCATAGATCTGTTGCTGATTGAAATAGC 30

K053 ylcB/cusC K053S GCTGACGAGATCTACCATCAAATCGGC 27 K053T GTTTACAAGGATGCATAGGCTCATAATTTC 30

K054 ylcC K054S CAGTAGAGATCTATCGTCATTATTTAACGC 30 K054T GCAGTGCTTTATGCATTTATTCTCTCCTGG 30

K062 citA K062S AGATGAGATCTGTGCCGCTCATAGGCGAGG 30 K062T AAGCTGATGCATTGTTTTCCTTGCGGGTTG 30

K065 nagA K065S GGGTTAAGGCATGCATTCTGACCCCCGATT 30 K065T CGTTAGTAGATCTGCATAAAGCAGGCCAGG 30

K066 seqA K066S TAGCCGCAAAGATCTCATCATGACGGCGTA 30 K066T CAATCGTATGCATCTTAATCCAGTGCAGTG 30

K067 (N) speF K067S GCAATTTTTAATTTATGCATTTTTCATCTC 30 K067T GTCGAACACAGTAGATCTTTGCGTATTTAT 30

K068 kdpD K068S TCGTTATGCATCAAGTTTATCCAGCGCCAG 30 K068T GCGTGAGATCTAAACCGCTTACCGCTTCTG 30

K069 kdpA K069S2 ACCCTTGCGCATGCATCAGAACGCCTCCGC 30 K069T2 ATAAAAATCAAGATCTGCCTTTTCGGCCTG 30

K070 ybgA K070S GCTATCCCTGAAGATCTTAACATGCTGG 28 K070T CGTTGTAGATGCATTACTGCTCCTGAGC 28

K071 ybgL K071S CATGCAGCACAGATCTCAAAGTGGGGATTG 30 K071T TTCAGGTCAATATGCATTGTGCAGCCGCCA 30

K074 modF K074S TGCAACGAATGCATTTTATATCCCACTTTG 30 K074T CCTGCTGGCCGAGATCTCACGTTTTTCACT 30

K076 uvrB K076S CGAGCGAGATCAGATCTTCGATTGACTGCA 30 K076T ACGGTTTATGCATGAGTCGCTACCTGAAGG 30

K079 dinG K079S ACCATGACCAAGATCTCCCCAGTAAGCATC 30 K079T CGCGGCGGTTAAATGCATGAGAAAACCTGA 30

K085 mdfA K085S CGGAAAAAGATCTCCCATCGTCCAG 25 K085T CTAATTTATTATGCATGCAATTTCTTCGCC 30

K087 macA/213#3 K087S TATCCATTGAGATCTTCATGGTCAGCTCAA 30 K087T ATACTCCATAATGCATTCCGGGTCATTAAC 30

K089 focA K089S GGTTGTCAGCATGCATACTAACTCTCTCTT 30 K089T GGACCGAATGAGATCTGGAGTTTAACTCAT 30

K090 himD K090S GAACGTGAACAGATCTCCCTGGGCGTTAAA 30 K090T TCTGACTTATGCATGATTCCTCCGGTTCCT 30

K091 (N) ycaI K091S CTATCACTGAAGATCTTATCTTCATCGGCT 30 K091T ATTCTGACTTATGCATGATTCCTCCGGTTC 30

K092 (N) ssuE K092S GGGTGATGACATGCATACTCTCTCCTTATA 30 K092T CACGTTTGTAAGATCTTCAGATGAGGCCTG 30

K093 (N) ycbY K093S AGATCACGTAAGATCTCTTCGTTAGCAAGA 30 K093T CAAACAGAGAATGCATTCGTCACTTTTAC 30

K094 helD K094S GCTTGCGCTAGATCTACCGATACCACGCGA 30 K094T GCTTTCAGATGCATGACTCTGTAGATCCAC 30

K095 (N) yccA K095S TAACAATACGATGCATTGAGTCACTCTCTA 30 K095T CACGTCTCTCAGATCTGCGACACCGGCAGG 30

K096 torS K096S GGCAAAATGCATCCAGAGTCTTCGGGTCAG 30 K096T CCGGCAGATCTTGCGCGAAAACCTTCGACC 30

K097 torR K097S GTGATGATGCATCAGAGGGTTTTACTCATT 30 K097T ACTGCAGATCTAAGCCGCTACTCATATCCG 30

K098 putP K098S GTGATCGCGGAGATCTAAACCGACTGGGGC 30 K098T GTGTGCTAATATGCATCTAAAGTCTCCAAA 30

K099 yceE K099S-1 TTTCACAGGGATGCATAGCAATCCGCTGTT 30 K099T CGACCGCAAAGATCTAAAAGGCATGATTAA 30

K100 dinI K100S GGTGACTTCAATATGCATAATAGCCCCCTG 30 K100T TCACTCCGCAAGATCTGATGTTTAACCGCA 30

Cloned gene namePPT No.
S-Primer T-Primer
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K101 yqjV K101S GACACGCGATGCATTTCCCCTCCC 24 K101T AGGCATGAAAAGATCTACGAACAACATTGG 30

K102 pabC K102S TGGCAAAAGATCTGCGTGATGCAGGCATTG 30 K102T GACCGTTAATTAAATGCATACCGGCTCCTT 30

K104 mfd K104S CGATATTGTTCATGCATAACGGTTGTCAGA 30 K104T TTCTTTGCTTACAGATCTGGCGGTCGGTGC 30

K105 (N) ycfU K105S ACAATTAACGAGATCTATACCACAAGCTG 29 K105T CGACAGGTTGATGCATGAAATCCGTCTGGT 30

K106 (N) potA K106S TTTTACTCTGATGCATGTAAACGCAACGGA 30 K106T GCAATACCGCAGATCTGGTCATGATTTCTG 30

K107 phoP K107S AGTACATGCATTTTTATTTCTCCCTGTCTT 30 K107T CGCTGAGATCTTGACCTGACCGACTCTACC 30

K108 mcrA K108S TCGGCAGGTGAAGATCTGGTTGTCTGGAAG 30 K108T CACCATCCTCTTCACCTATCGAACACTCAG 30

K109 umuC K109S ATTATAAAGATCTAATGCTCCATCTGCGGT 30 K109T GGCTTGATAAAATGCATAATAATCTGCCTG 30

K110 nhaB K110S CCCAGGAGATATGCATGATGGTTTCCCTTA 30 K110T TAAGAATCAGAGATCTAATCGGGTTGCCGG 30

K111 ycgO K111S CGACTCCTGCATGCATGCCGATCGCCAGAA 30 K111T CTTTACCGAGAGATCTTTCTGGCTGGCGTT 30

K112 chaA K112S CTTGAGCATTATGCATTATGGTTATCCCTT 30 K112T TCAATGGCACAGATCTCCGTTTTACAATCG 30

K114 narX K114S CGTTTATGCATGTAAACCTCTTCCTTCAGG 30 K114T GCCAGAGATCTGGAATAATCAGAATACCGG 30

K116 hnr/rssB/sprE K116S GATCGAGATCTGTTCCCGTCGCTTTGCGGC 30 K116T GGCTGATGCATGTTCTCTCCCCTGACTGGC 30

K117 ychE K117S CGCGAGAGATCTTCGAGCATCTGCAGCAGC 30 K117T GGTCTGATGCATGGTTAGCTCCGAAGCAAA 30

K122 topA K122S ATCCTTGTAGATCTAAAAAGTAGTCGCCGG 30 K122T GACAAGAGCTTTATGCATATTCACCTTACC 30

K132 sfcA K132S TTGAATATGCATCCCTGGGGGGCTTTTATC 30 K132T GGTTGAAGATCTTGATAACGACATCCTCAG 30

K135 yddA K135S-1 ATGGGAATGGTATGCATTAGCGAAAATTGA 30 K135T CCTGCAAGGAAGATCTGGTTGTTGAAAGTA 30

K137 ydeA K137S GATTATGGAATAGATCTGAGGTTCACAGAT 30 K137T-1 CAGTGTTTGTATGCATAACAGATTATCGGG 30

K138 ydeF K138S TAGTAAAAAAGATCTGTGCCTGTAACACCA 30 K138T TAGGGATAAATGCATTTGTCTGTCCGGCAG 30

K139 ynfM K139S TGATCGTGCGAGATCTTCGCCATAAGCG 28 K139T GTTGTAGTACGATGCATTTGAAATCCTTGC 30

K140 312#0.1 K140S ATTCAAACTGATGCATGGTTCACCTCCAGT 30 K140T CTACATTTACAGATCTTCGTACCTCATCCA 30

K141 ebr K141S TCCAATAAATATGCATTGTCCTTCTCCTGC 30 K141T ATGGTCATCAAGATCTACACCGCCAGTACA 30

K143 rstA K143S CCAGTAGATCTGTCACCGGACGCAGTTTCC 30 K143T CATAACATGCATGGTAGATATAAAAACGTC 30

K144 tus K144S AAACGAGCTAGATCTTAGCGAACCAGACCT 30 K144T GAGATCGTAACGATGCATAATATTAACCAC 30

K146 (ydgQ) K146S GCCATCAACCAGATCTCCAAAACGACGATT 30 K146T CTTTAATTTCATGCATGCTTTATTCTCCAC 30

K147 slyB K147S GGTGCCAGATCTGTCGGTTCATGCCAGACG 30 K147T CGCGTTTATGCATTGAAAAATCTCCTGTTC 30

K148 rnt K148S GGCGATTTGCAAAGATCTATCGATTTTTAT 30 K148T GTTGAGCGTTATCATGCATCTGATTCTCTT 30

K149 ydhC K149S AGCATCCCCAGATCTCGGAAGGCATAAC 28 K149T TTTTCCCAGGATGCATGTATATTCTCTAAA 30

K150 ydhE K150S CTTTAAACCAGATCTGGCGATTATTTTCTG 30 K150T CTGATATACTTATGCATGTGAACACCTTTT 30

K152 ydiM K152S CCCTCACTGGATCCAATAATGTTGCACA 28 K152T GGAAATAGGGATTATGCATAGGTTCTACTT 30

K153 ydiN K153S ACCGTCTGCCTGGATCCCACATTTTATGT 29 K153T GCCTTATTTTGATGCATTTTCACAGCTCCT 30

K155 himA K155S TTTTGTAAGATGCATAGGTTCAATCCCTCA 30 K155T CATTCGTCAAGATCTGATGTTAGCCGGTGT 30

K158 selD K158S CGAGTTCTCATGCATGGACATCTCCTGTCA 30 K158T ACGGGTGAAGATCTGCAAAACATCCTGCGT 30

K162 yoaE K162S TAAGAAATGCATGACAAGCTCCTGCTTAAG 30 K162T GGCTGGAGATCTTGAACGGGCTGCCTCCCC 30

K163 335#10.1 K163S AAACTTATGCATTCCAATCTCCGTTTCACC 30 K163T AGAGTAAGATCTTGTCGGAATATCAAACAG 30

K164 tcmA K164S ACTTCATCGGGATCCCGCCATGCCA 25 K164T GGATTGCATGCATCCTGGTGCGAAATTATA 30

K165 holE K165S CACGCTAAAGATCTAGTGTCCTTTCGTTTT 30 K165T CCAGATTCTTATGCATTCTTAATCTCCTCA 30

K166 336#13 K166S GCTGAAAGATCTGGCTAAACTGGATCAAAC 30 K166T CTTTCCAGAAATGCATAATGACTTCTTTTT 30

K169 ruvB K169S CGGTCTGCTTCATGCATCCTTTACCTCATA 30 K169T CCTGTTTTTAAGATCTCCCTGAAGCGGGTC 30

K170 ruvA K170S AGTCTGCCATGCATATGACGCTCCTGCGTA 30 K170T TTCTCCAAAGATCTCTATTTCACCCACCGG 30

K171 ruvC K171S GAGAATAATATGCATCACGCGTCTCCGTTT 30 K171T AAATGTGGCGGAGATCTCGGTACTGATGGT 30

K172 yebC K172S CTATGACCATGCATAAAAATATCTCCAGAT 30 K172T CCCGTTTAGATCTTAGTGGTCATCTACGCA 30

K173 cheB K173S ATTTTATGCATCGTTAATCCTTACTTAGCG 30 K173T CCGACTAGATCTTCGTTTGCGTTCGCTGGG 30

K178 uvrC K178S GCGTCAAACTGATCATGCATTGACTTGATA 30 K178T GCGCAGGGATCCGACGCATTCTGGAAGATA 30

K179 uvrY K179S ACGTTATGCATAGGAATATCTCCAGAAATA 30 K179T GCCGGAGATCTATTACTGACGGTAGGCTTG 30

K181 dcm K181S ATATATTTTCATGCATAGATTTCACCGGCC 30 K181T GGCGGCAGATGAAGATCTCGATATGCTGGT 30

K182 copR K182S GCCTGATGCATTACAAAATTGTAATGCTGC 30 K182T TACATAGATCTGCATTAACTGCCACGATAG 30

K184 yeeO K184S GATGTGCCTATGCATCGATTCCTCTGTAGT 30 K184T AATGACCCGCAGATCTTCGCCTTCCCGT 28

K187 alkA K187S GTTCAGGGTATGCATCGCATCTCCTTATTC 30 K187T CCTGAGTAATCAGATCTGGCAGCTGTGCCT 30

K188 yegM K188S CCCCTGGAGATCTTAGTAAGCCTGG 25 K188T CGCATCCAGTAAATGCATAGGAAACTATTT 30

K189 baeS K189S-2 GTGCTAGATCTGCTGCACGCCAGAAATAAC 30 K189T CCAGAAATGCATTGCGCGCTCCTTTTTCGC 30

K190 baeR K190S TGGGCAGATCTGCGCAAGACTTCAACCAGC 30 K190T AACTCATGCATACTTCTCTCTGTAAATCCC 30

K193 yehU K193S AAAATCATGCATACCCGCAAACCACACTTC 30 K193T CGTCGAAGATCTCCAGCAGCGCCTGGAGAG 30

K194 yehV K194S ACGAAAGATCTGGCACCGGCGGTAATGGGG 30 K194T TAAAGATGCATCGTCTCACCCTTGCTCGCG 30

K196 yohG K196S-1 TTCAGCCACATGCATATCCGGTGCGTT 27 K196T AGCGCAACAAGATCTGAGACTGAAATATTC 30

K201 nfo K201S CGGAAACTTTCGAGATCTACATTGGTTCTA 30 K201T GCGCTCCAATGTAATGCATGCGAGGACTCC 30

K203 bcr K203S AGCGGCATATGCATGGCCAGCAGG 24 K203T-1 GCGCAGCAACAGGATCCACGTTACTTC 27

K204 narP K204S CGCGCCAGATCTCAGGTTGTACCAATGCTG 30 K204T TGCTTCATGCATAGTAGTCTCCTGAGGTTT 30

K206 yojI K206S TACAAGAAGATGCATGCAGAAAACCCGGAC 30 K206T CAACTGTGGAGATCTGGGCTGGACGA 26

K207 alkB K207S GGCAAACAGATCATGCATTACCTCTCCTCA 30 K207T AGAGCGTGACGAGATCTATTCTTAACGCCG 30

K208 ada K208S GTGGCTTTATGCATAATCAGCTCCCTGGTT 30 K208T GGATTTATATGTAGATCTCTCCACCGTCGG 30

K210 yojN K210S CATACAGATCTACCCTCATTAATCAGTCGG 30 K210T TTCTGATGCATTCGTGTTTATGACCTGTTA 30

K211 rcsB K211S CGGGAAGATCTTGGTACACGCTACTCTGTG 30 K211T ATATTATGCATGTAATAGGCTACCTTGCTA 30

K212 rcsC K212S TGCTCTATGCATGTAGCGCGAGGCTTTCAG 30 K212T CCGAGGAGATCTCCATTACGCTCAATGGGG 30

K213 atoS K213S GCATTTAGATCTTTATTGATGCGTTCATGC 30 K213T ATATAATGCATGCTGAAATCCACTAGTCTT 30

K214 atoD K214S TGGTCATGGCAGATCTATATTCGAGAGCTT 30 K214T TCAATTTTGTATGCATTTTTTATCCCTCTT 30

K215 gyrA K215S CGCAAGGTCATGCATCTAACCGCTATCCCT 30 K215T CACCAGTTGCGCACAAGATCTGACCACTGA 30

K224 dsdX K224S GCCACTTCAAAGATCTGCATTTTTGATAAT 30 K224T AGATTTGAGAATGCATATCTCACCTTCCCC 30

K225 dsdA K225S TTATTCTCTCAGATCTGCATATGCACCCGA 30 K225T TTTTAGCGTTATGCATAGTACGTCTCTTTG 30

K226 emrK K226S AATCTGATGCATTATTATCTCTCATTTCTC 30 K226T GCTGAACAGATCTTCCGCCTTCAGT 25

K227 evgA K227S GAGTGAGATCTTGGCATCAGTTTTATCCAG 30 K227T TATTGCATGCATAGATTATTCCCTTTGCAA 30

K228 (yehU) K228S GTCACCAAGATCTAGCGTCGCCAGCATCAG 30 K228T TATTTCATGCATGGGTGACTCTGAATAAGG 30

K233 lig K233S GTTCGATTGAATGCATATCGCACCATCAAT 30 K233T AGTTTCGCCAGATCTCGCGCCAGCGCCGCA 30

K236 (N) eutH K236S TTTCGTTAATATGCATCGCCTTTACTCCCT 30 K236T CCGACAGTCTAGATCTTGGTGCCATTGCGA 30

K237 ypfE/eutS K237S TAACAAAATTATGCATGCGCGTTTAAAAGG 30 K237T TGCCGATACAAGATCTAATGATGAACCGGA 30

K238 narQ K238S CACGGTAGATCTTCCTGACGCGCGGTGCGC 30 K238T TTAACATGCATACGCGTCTTCTCCACAAAA 30

K239 acrD K239S TCGACTGAGATCTGCCAACCCTGGC 25 K239T AGAAATTATGCATTAAAAGAGGACCTCGTG 30

K240 hyfA K240S TCCCAACATGAGATCTAGGATGGAGTTAAG 30 K240T AAACATTGCAATGCATATTGCATAAAGGAT 30

K241 perM K241S TCAACATTTCATGCATAAAGACCTTCCCTG 30 K241T AATAGAACCTAGATCTCCGACCCAGGTCAG 30

K243 (N) yphF K243S TCATTTTTGTATGCATAGAGCCTCCTGTAG 30 K243T GTCAGTTTATAGATCTCCAGTTATTACGCG 30

K244 yfhA K244S-2 GCAAAAATGCATGCATTACCAGTTGTCGTA 30 K244T-2 GGAACGAGATCTCCGTACTGTCAGCAACTC 30

K245 yfhK K245S CAGATAATGCATAGCCGGGAATTACCCGGC 30 K245T TGGTGAGATCTCGCTATGTCGATAACTTCG 30

K246 recO K246S GCGCGCTGCCAGCCATGCATCGGAGTTACT 30 K246T GGCGCGTATCAGGAGATCTACGTCGATACA 30

K247 ung K247S CCTTCAACGCGAAGATCTGGTTTCACTTCT 30 K247T GTTAATTCGTTATGCATCTCGCTCTCCTGC 30

K249 recN K249S CGTTTTTTGCTGGATCCGCAAGTTTGTCAG 30 K249T GGTCAGTTGTGCATGCATAGTCGTTTTCCT 30

K250 ygaE K250S CCGGAAAAACAGATCTTCCGCGCCACCAAC 30 K250T TGTGACTCCTATGCATGATCAGCGCGTATT 30

K251 proW K251S CTACCCGGATAGATCTTCTGGCGGGATGCG 30 K251T TATTTTGATCATGCATTATTTACCCCCTCA 30

K252 proX K252S TCGGCGCAATAGATCTCTGGTCGCAGGCAA 30 K252T GTACGCTATGATGCATTGTTATTCCTTTTT 30

K253 emrR K253S GAGCTATGAAGATCTGCTGCTTGGG 25 K253T TAAACGAACTATGCATTTGGGTATGACCTC 30

K255 emrB K255S ACTAAACTGGAAGATCTGCCAGCCGTGCAA 30 K255T TTTTGCTGATGCATCACACGCACCTCTGGA 30

K256 recA K256S TTGTTTTCGTCGATATGCATTTTTACTCCT 30 K256T GGCGCAACCGTAAGATCTGCCGAGTCTTGT 30

K257 srlA K257S ATTTCCGGCGAGATCTCATACACCTGCCAC 30 K257T TAATGGTTTCATGCATTGTTCTCTCCTTCA 30

K258 srlD K258S GAGCCAAGATCTGGGTCTGGTCATGCTGGC 30 K258T ACCTGATGCATTTTTTACTCCTTAACAGAT 30

K259 ascF K259S TGCGCAGGCGAGATCTAAGCACCATTATCG 30 K259T CATAATTTTTATGCATCGGATTTTATCCTG 30



K260 mutS K260S GCATAATCTGTTAGATCTCTTCACGCTTTG 30 K260T TTCTATTGCATGCATGGGGTTATGTCCGGT 30

K262 barA K262S ATCTGCAGATCTTAGCGGTGCGGTATGGCG 30 K262T GTAGTTATGCATGGAGTTCCGTTATGGGAC 30

K266 recD K266S CTTTTGCAAATGCATTACGCCTCCTCCA 28 K266T CGTCACCGGGGAAGATCTTGCACAGTTT 28

K267 recB K267S GGCGACATCATGCATTCTTTTCACTCATCA 30 K267T ACCAGCTCAGCCTATAGATCTCTGTTGGGG 30

K268 recC K268S GGTAGACCCTATGCATAGCGGCTCCTGACT 30 K268T CAGCTTCCCTGAAGATCTAACAAGCTTTTA 30

K277 endA K277S TGGCTGGAAAGATCTGAAATTCGCCTCAAT 30 K277T CAAATAACGATGCATCACTTACTCCGTGTT 30

K278 mutY K278S GTTGCTTAAAAGATCTTCATGCGCAGAAGC 30 K278T ATTGCGACGCATGCATGGTCACCGAATTCA 30

K283 ygiX K283S TTCGCAGATCTGTAGTTGAGCAATTCAGGG 30 K283T TAAAATATGCATTTTTTCATCCCTGCGATA 30

K284 tolC K284S GCAATCCGGATCCGCTCAATCAGCACA 27 K284T TTTCTTCATATGCATTCCTTGTGGTGAAGC 30

K286 rpsU K286S CGGAAATTCCGGCGGGAGATCTTCCAGCAT 30 K286T CGTACTTTAATTACATGCATGTGCCTCTCA 30

K292 yrbL K292S TGGGCAAGATCTCCCGGCCTGCAATGAAGC 30 K292T ATAAGCGATGCATGCCATCTCCTGGAAATA 30

K293 arcB K293S AATTTGATGCATTAGGGAATTCCTTCACGA 30 K293T GTGTGAGATCTCGCCCGGACTGCGTGCCGG 30

K297 acrE K297S GTTTCAATCAGATCTTGCCGGGTCTTCAGA 30 K297T GGCATGTTTATGCATTACTATTCCTCAAAA 30

K305 dam K305S GCGCGATTTTTATGCATGCTGACTAACTAA 30 K305T ACCGGCTGCGAGATCTACGCCAGCACCAAA 30

K306 ompR K306S GTTCTCATGCATTGTTTGTACTCCCAAAGG 30 K306T CAGCCAGATCTAGGAGGTTAAGACTCTTCC 30

K310 ugpA K310S CGGACGGGATGAATGCATTACGGTTAATTC 30 K310T CCACCGAGAAGATCTATAACGGTGATTGCG 30

K317 yhiI K317S TTACTCTTATGCATAATCGACCCGCCATAA 30 K317T AATGGTGGAAGAGATCTCATAGGCGAAACG 30

K319 yhiU K319S GAAACTAAGATCTATGAGCGACATCGTCAC 30 K319T TCTTCTATGCATTTTAGTCCCTGAAAATTC 30

K320 yhjB K320S ACTATATGCATAACTGAATCTCCACCTGAA 30 K320T TCATGAGATCTGGCGTGAGTTTGACCCGTC 30

K327 mutM K327S CGGGATATTCATGCATAGCATCTCCAGGAA 30 K327T GGTACTGGTCAGATCTATACCACTACGAAG 30

K328 dinD K328S ATTGCCGCTGAAGATCTCGCGGCGCTGGAT 30 K328T GATGATGTTCATGCATTGCCCACTCCATGT 30

K329 rpoZ K329S GACACCCAGAGATCTGTTTCACACACCA 28 K329T CAGTTACGCGATGCATACTTAAAAAGCT 28

K333 uhpT K333S TTAAGAAAGCATGCATGGGTTACTCCTGAA 30 K333T ACCGCGCGAAAGATCTTGCATCTCACCTTT 30

K334 uhpA K334S AACGGTATGCATGGTCTTGTCCTGGCGGGT 30 K334T ATGATAGATCTTCAGGAGATGGCGACCGCC 30

K335 emrD K335S2 AACTTCTATAAGATCTCTGTACGCAATGTG 30 K335T GCCTTTTCATATGCATGGATGCTTTTATAA 30

K337 dgoT K337S GTGCTGATTAAAGATCTGGAGCCGTATCGC 30 K337T CGAAGCCGCTATGCATGCCCTGTAATTTAC 30

K338 gyrB K338S CATAAGAATTATGCATCAACGTTTCTCGCT 30 K338T CACCGCCTGGAGAGATCTCAAGCGATTGCT 30

K339 recF K339S CAAGCGGGTGAGATGCATTACAGTCTCATT 30 K339T GACCGGTACAGATCTCGAGATGGAAATGGT 30

K340 dnaN K340S CTACGGTAAAATGCATaGGTTTACGATGAC 30 K340T TAAAGAAAGATCTCAGGAAGAGTTTTTCCA 30

K341 dnaA K341S AAAGCGAAAGATGCATGGCGGACTCCACTC 30 K341T GGCTTTATTGGGGATCCGCCGAAAAATGAA 30

K343 yidY K343S TTTAAGGCGAAGATCTCCTCAGGCGGCAA 29 K343T CAAAAAGCGATGCATGGGCTAAAGCGTCCT 30

K344 pstB K344S CATTGTGGTGGCGCAGATCTAGCACTTCTC 30 K344T GTTTCAACCATATGCATTGCAATCTTTTCC 30

K345 pstS K345S GGTGATTGCACAGATCTTCTACACCGTTCC 30 K345T GGTACGCATAACATGCATAATGTCTCCTGG 30

K349 yieO K349S GCTTCTTTTTATCATGCATTCAATGTCCTG 30 K349T CGGTGAGATAGATCTGGGCGAGCAAT 26

K351 yifB K351S CTTGAGAAACAGATCTTTGTGCTGTTATTC 30 K351T GTCACCATTATATGCATAAGATATCGCTGC 30

K354 uvrD K354S CGCCGGGCTGGGATCCGAAGAAGCCAGTGC 30 K354T GGTAAGAAACATGCATTGGCACCGCCGCGT 30

K357 551#4 K357S CACCATTCTAAATGCATGATGAACTCCCGG 30 K357T GCGCCAGCGCAGATCTCCTATTGCATAGCC 30

K359 polA K359S CAAAAACGCGGATCCTTTCGCCAAATGACT 30 K359T GGGGGATCTGATGCATAATGTCCGTGCCTG 30

K360 ntrB K360S TGCCTGTATGCATAAAGCAGTCTCCTGAAC 30 K360T GTTTCCCAGATCTGGCAGCTAACCCGTACC 30

K361 yihQ K361S CATCTGTTGATGAAGATCTGTTCCAGCTTC 30 K361T GTGGACGTGGCGTATGCATAACTAATCTCC 30

K362 frvA K362S CCCATCTGGCCAGATCTGGAAGCAGTGCTG 30 K362T GCTTGCAGTAAGAGCATGCATTAATCGGAC 30

K363 rhaT K363S CAGTTTGGTGATCAGATCTTCAACCGGCAG 30 K363T CGTAATCGCGTTATGCATCTTCTTATCCTC 30

K365 cpxR K365S ATTTTATGCATTGTTTAAATACCTCCGAGG 30 K365T CCCACAGATCTTGGGGGAAGACAGGGATGG 30

K369 priA K369S GTGGGCAACATGCATAGCATCATCCTGACT 30 K369T GGGATGTTGAAGATCTTGTTGAAGCGGTCA 30

K370 ptsA K370S CTGCACTACCGCTATGCATGGTGCGGGCGC 30 K370T GTATTTTTCAAGATCTGCACCAACTCATTC 30

K372 hemE K372S CAGGTCATAGATCTCGATGTTGGGCTGTTT 30 K372T TTTTTAAGTTCATGCATTTTGGCTGTTCCT 30

K373 hydH K373S TGGCAAGATCTGATTTCTGTCGCTGGCAAC 30 K373T CATAAAATGCATCTTCTTCTTTGCCTGCTC 30

K374 xylE K374S CGAAACCATCGACAGATCTCTGGAAGAAGC 30 K374T GAATTATACTGGGTATGCATTCAGACCTGC 30

K375 malF K375S CCTTCCTGGTAGATCTGATTAAAAACAAAC 30 K375T CTTTTTAATGACATGCATGGGGTTCTTCCT 30

K379 lexA K379S GAATTATCAGATCTGCTGGCTATTCCTGGA 30 K379T GTTAACGCATGCATTCCGCCCCCTGGGTGT 30

K380 dnaB K380S CTTTTAGCGAGATCTGCGCTTTTTGCGCGG 30 K380T GTTTATTTCCATGCATAGTGAATGGAGTTA 30

K381 uvrA K381S CTTCGATCTTATGCATTCACCTTTCCCGGA 30 K381T GTTCACCACGAGATCTGTGGTGTAGCGATC 30

K382 ssb K382S GCACGTTATCCAAGATCTGGCTGACGGTTT 30 K382T ACGCCTCTGCTATGCATGTTCGTGTCTCCT 30

K385 yjcP K385S GTTGACGATTATGCATTGCGTGGCTCCTTG 30 K385T AAGTAATGCAGATCTCACGCCAGCAGGAAG 30

K387 rpiR/alsR K387S GCAAACTTGTTCGCAGATCTCGAAATACCG 30 K387T CTCTGACTGATGCATCACGTTCTCTTGTCC 30

K389 basR K389S AGAATATGCATTCACTCACTCTCCTGCAAG 30 K389T AGGCGAGATCTATATCATTCAGCGAGCGGG 30

K391 dcuB K391S CTTGTGCCAGATCTAATATAATTATCCCTC 30 K391T GGATAGTAAAATGCATGTGTGAACCCTCGC 30

K392 dcuS K392S GAATGATGCATCAGCTTCCTTGTGTGACAA 30 K392T CCCATAGATCTCGAATATCATCATACTCCC 30

K395 ecnB K395S CTGACCGGTAAGATCTTAGAAAAAACCTTC 30 K395T GTCTTCTTATGCATAACGTCTTCCTTTTAG 30

K396 sugE K396S CGAACTTCGTAGATCTGGAAATCGTTGATA 30 K396T AAAACAAAATGCATGACACAGCTGTCGTAC 30

K397 yjeF K397S AACGGTCGCAGATCTTCCGGGATCGCCCCT 30 K397T GTATGGTCATGCATGTCAGAGCCCCTCGAT 30

K398 mutL K398S GATTACTAGATCTCGGTGATGGGGCGCAGT 30 K398T AGACCTGAATATGCATCAATCGTCCTTAGT 30

K399 aidB K399S TGAGTAATAAAGATCTAATGCCGCTGCTTT 30 K399T TGTGTCTCCATGCATCAATGGCAGTCACCA 30

K400 rpsF K400S GCGCCTTGCAGATCTGTTTCTTCATTTAAT 30 K400T GATTTCGTAATGATGCATCGAATTGCTCCT 30

K405 treB K405S CACGAAGCCTACCTGGAGATCTGCAAAGCG 30 K405T GTTTATTTTGCTATGCATAAAGCCCCATGG 30

K406 mgtA K406S GCCAGTAGATCTGAACAGCACTACGCCGTC 30 K406T TCTTTATGCATAAGGAGTCCCTCCGCACTG 30

K407 idnD K407S CACAATATCCTGTAGATCTGCTTGTGGACG 30 K407T GTGTTTTCACATGCATAAATTCCTCACTGG 30

K408 fecA K408S GCACGCTGTGGAAGATCTTCTCGCCAGTGC 30 K408T GCGTAACGGATGCATACCTTCCCCATCATC 30

K410 yjiO K410S GTAAAAAAACGATGCATAACAAACAACTCC 30 K410T ATCATGCGGAGATCTGGTCGTGAAGTTTGT 30

K411 mcrC K411S TTTGTTGATGCATTTCTGTTGTTTATAGGG 30 K411T CAGTTCCATAGATCTTATAGCTATGAGGAT 30

K412 mcrB K412S GATATGCCTTATGCATTGCTAAGCCTCTAT 30 K412T GACTGACACGAGATCTATTGCACAACCGTT 30

K413 hsdS K413S CAATTTCCCCGCATGCATTCCTTCACCCCA 30 K413T GATGGATAAGTGAGATCTGCACACCATTCT 30

K414 hsdM K414S ATCGTTATTATGCATTGTGAGTTCCGTAAA 30 K414T-2 AAAGCATGGAAAGAGATCTGCAATGAAGAT 30

K415 hsdR K415S AAGGCCCAATGCATCTCATCTTAGCTTTCT 30 K415T CCGCATCACGAAGATCTTTTAGCGCCTGAT 30

K416 dnaT K416S CTCTGGAATGCATACTGTTTCTCAAAA 27 K416T AACCTTTATGAGATCTATGCTGGTCGG 27

K417 fhuF K417S CGCGCTAGCTTCAGATCTTAGTGTTCTTAC 30 K417T GTGCGGAACGATAATGCATAATCGGGATAG 30

K420 creB K420S GCACCAGATCTCAGGTAATTGGATAATAGC 30 K420T TCCCGATGCATAAATCGCCTCTGTTATTGC 30

K421 arcA K421S CGGGGTATGCATGTTTGCTACCTAAATTGC 30 K421T CCATCGAGATCTTTGCCCGCGCCGCTGCCC 30

K423 cusS K423S GCTTACTATGCATCCGGCACCTCAAGCATG 30 K423T CCGGAGAGATCTTGACCAAAGGGTTAACCG 30

K424 citB K424S TCAGGTGAAGATCTGCTGGGGGCCATTATC 30 K424T AATGGAGCATGCATTAGGTTTCACTTTCGG 30

K425 kdpE K425S CAAAGACATGCATCCCGTCGCCCTCCAGCG 30 K425T TCAGGCAGAGATCTTAACGCTCGATCTGGC 30

K426 phoQ K426S GTAATTTATGCATCAGCGCAATTCGAACAG 30 K426T GTTGTTGAAGATCTTGCGTTGTTACGTCAC 30

K427 narL K427S CCTGATTATGCATGGGTATCTCCTTGGACG 30 K427T CGTAACGAAGATCTTGCATCCTGGGCGCAG 30

K428 cheY K428S CTTTATCATGCATTTCACACTCCTGATTTA 30 K428T GTACGGCAGATCTGGCGAGCCTTGCAGCAC 30

K429 yedV K429S TAGTCTATGCATTATTTTTTTACCGCTACG 30 K429T GCTGGCAGATCTTACAAACGTTAAGAACAG 30

K430 yehT K430S CTCGTCCATGCATGGTAGTCGTAACGTTAT 30 K430T CGGCGCAGATCTTTGCCGGGCAATATGAGC 30

K431 evgS K431S CTTAGCAGATCTGACTGAAGGCGGAAGTGC 30 K431T GTAAAAAATGCATGTGGTTAGCCGATTTTG 30

K432 b2381 K432S CTGTCGCAGATCTTCTCCACGCAACTGGAG 30 K432T ATGATGACATGCATAATATCACTCCGGCTC 30

K433 ygiY K433S GATAGAAGATCTCATGCTGATTGGCGACGG 30 K433T GGGTAAAATGCATTTCTCACCTAATGTGTA 30

K434 envZ K434S GCAATCGATGCATGCTTTAGAGCCGTCCGG 30 K434T TGCAAGAGATCTACAAGATTCTGGTGGTCG 30

K435 uhpB K435S CAACGTATGCATCACCAGCCATCAAACATG 30 K435T TATAGAAGATCTCCTCATCGTCCGCTCCGG 30

K436 ntrC K436S CCCTCGATGCATAAACGTCACCTTTATTTC 30 K436T GTCAGGAAGATCTACAGCACGCCCAGCAGG 30

K437 cpxA K437S GCTGCCATGCATGAAGCAGAAACCATCAGA 30 K437T ATGACCGAGATCTGACTTCCCTATTAAAGG 30

K438 hydG K438S CGCTGGGAGATCTTGCGGCAGGCGTTGCCC 30 K438T ATCGTGATGCATCCTTGTGGGTCCTTACGC 30



K439 basS K439S CAGAAAATGCATCAGATTCAATTAGTTTTC 30 K439T GGGACTAGATCTGGCGGCGCAAACCGAAGG 30

K440 dcuR/yjdG K440S TACATTATGCATCTGTTCGACCTCTCCCCG 30 K440T GACTCGAAGATCTGGTCAACTATGCTGACG 30

K441 creC K441S GGGAAAAGATCTGGTTAGTGGAAGATGAGC 30 K441T ATGCCGATATGCATTACAGGCCCCTCAGGC 30

K442 yacH K442S GCAAAGTCATATGCATAATTCGGATCTCAA 30 K442T CGGTTGGTTAACAGATCTAACAGGAATTCT 30

K443 yqaA K443S ATAACGCTTCATGCATAGCAAGCGAACATC 30 K443T GCACCATCTTAGATCTAAAATTTCCTTCAA 30

K444 sohA K444S CGCAGTGAACAGATCTGTCGGCAAACGGCT 30 K444T GAGCATTAGCATGCATGATTCACTGTCCTT 30

K445 rpsJ K445S TTCTTTGGTTATGCATGAGACCAGAGCTCC 30 K445T CTACTTATATAGATCTGAAGCAAATATTTC 30

K446 maoC/paaZ K446S TGGCTAACTGATGCATCGCTACTCTCCAGA 30 K446T ATACGGGCCAAGATCTGTGCGGCATAACGC 30

K447 yeeE K447S ATATCATTGAATGCATAAATTAATTAACCA 30 K447T GTCACAGCCTAGATCTATGCTGTACGTTGC 30

K448 yfgD K448S CAGCACCAGAAGATCTGCTATGGTCAGCAA 30 K448T TCAACTGCCTATGCATAACCTCTATCCTGT 30

K449 yhhP K449S AAAAGAGATCATGCATTTTCTTCTCATCAC 30 K449T TACGCCAGAAAGATCTGAAGAAAAAGGCCA 30

K450 b1017 K450S GCCGATGAGATCTATCATTCGGCTCCGCCG 30 K450T CACACAATGCATCGGCCTCGCTGGGTACGC 30

K451 cutC K451S CCATTCGATGCATATCGACATTCCCGTCAA 30 K451T CGCGGGTTTAGATCTTGTGGCGAGCTTTTG 30

K452 dsbC K452S TAAAACCTTTATGCATAAATCTTCCCGTTC 30 K452T GCGCAAAGAGATCTTTTGCAGGCATTACTG 30

K453 xerD K453S CCAGATCCTGATGCATTTGCGCCCCTTATG 30 K453T GGGATTTACGAGATCTTTTGTTGCAACAAG 30

K454 exeC K454S GCATCAGCCAATGCATCCCGCGTGCAATTT 30 K454T GTTATTACAAGATCTGGATCAACCACACTG 30

K455 fkpA K455S AACAGTGAATGCATCCATATCTCCAGGATC 30 K455T GTAACCACATGAGATCTGGTCAGAACCTGA 30

K456 rfaD K456S CACTAAGCAGATCTTGATAGCTTTATTTAC 30 K456T CGGTAACGATATGCATAACTGTAACCTTCG 30

K457 lpxD K457S GATGTCCCCAAGATCTCCGTTGGTGTTCTC 30 K457T GTCGAATTGAATGCATTACTTATTTAACCT 30

K458 nlpB K458S GAACAGAGTAATGCATCAAATCTCCCTAAA 30 K458T GATGATGACGAGATCTCTGGCTGATGGGCG 30

K459 rseA K459S GTTGTTCTTTATGCATGCCTAATACCCTTA 30 K459T CTTTACAAAGATCTGACACTCTAACCCTTT 30

K460 rseB K460S CAAAGTTGATGCATTACTGCGATTGCGTTC 30 K460T GATAACAAAAGATCTCCGCTTATCAGGCGT 30

K461 rseC K461S CCACTCTTTATGCATTGCGCTGCCCCGAAC 30 K461T GCCGGGAAGAGATCTAGCGCGGCAATGAAA 30

K462 surA K462S TTTTCCAGTTATGCATACTTTTTCCATTTC 30 K462T CGCATATATAGATCTGCTGCCGTTGAACGT 30

K463 yaeL K463S GTTCGCAGCAGATCTGGTTGGCGGTGTTAT 30 K463T GAGAAAACTATGCATATTACCTTCCGTTAA 30

K464 yfiO K464S GTGGCGACTGAGATCTTCGTCCACCGTGCC 30 K464T ATTTCATGCGATGCATGACGTTTTGACTTT 30

K465 yggN K465S GCATTTTGCGATGCATAGTCTTCCCTCAAG 30 K465T GGGGGGCGTAAGATCTATGGCGACCGACTG 30

K466 yidQ K466S CCGAAGATAGATCTATGCTCCCTGACGGCG 30 K466T AAAATAACATATGCATTACGTCGCACTGTG 30

K467 yraM K467S TTACCCACGCAGATCTCTCGCCAACGGGCG 30 K467T GTTGAGGGATGCATAATGTATCCAGTGATA 30

K468 ytfJ K468S CTTGCGTAGATGCATGGTGTTTCCTTCTTA 30 K468T TAACTACCGAGATCTCCAGCTGCTGGTGAC 30

K469 yzzN K469S GAACCTGTACAGATCTATGTGCAGCCAAAC 30 K469T CTTTTTCATATGCATCGTTATTATGCGTTC 30

K470 atoC K470S AACCCAGATCTGCATGGCGCAAGCAGAACG 30 K470T ATAGCATGCATACAGTCTGATTTCCCTGCG 30

K472 htrA K472S TGGTTGAAAAAGATCTGGAAAAATCACGCT 30 K472T ATGTGGTTTTATGCATGTATTTCAGTCTCG 30

K473 fabZ K473S GGTTGCTTCGAGATCTAAAACAGCAAAATC 30 K473T GAGTGTTAGTATGCATGATACTCTTCCTGT 30

K474 mdoG K474S ATAAATTGCGAGATCTTCAGTAGGGGGATG 30 K474T AACGCATTTTATGCATTTGTAGTTTATGTT 30

K475 dapA K475S TACTTCCCGTATGCATGGGCCATCCTCTGT 30 K475T ACTTAACTCCAGATCTTTCATCATGTTGGG 30

K476 (N) cdsA K476S TTGCGGCCAAAGATCTTATTGAGGCGTTAA 30 K476T CCCACGCTGCATGCATGCAGACCACCAGCG 30

K477 (N) ygiF K477S CGATTTCCTGATGCATGGCCTTTACTTATC 30 K477T TGGCGGCATCAGATCTTTTCTGCGCGACAA 30

K478 yraP K478S TGGGAGTTTTAGATCTGTGGATTGCCGGTT 30 K478T GCGATAATGCATGCATGTATTCTCCTTAAT 30

K479 427#1 K479S TTGCATTCAGATGCATAGATGCTCAGCAGA 30 K479T CAACATATATAGATCTTTTATATTTATTTC 30

K480 acpP K480S TTGGTGAAGTAGATCTCCTGGTCAATAATG 30 K480T CTTCGATAGTATGCATACTCTTAAATTTCC 30

K481 argA K481S TTGTAATCCTAGATCTGCGCCAGCAGCGGG 30 K481T TACGTTCCTTATGCATGGCACACCTCTTTG 30

K482 aroK K482S GCTGCCTTGCATGCATCGCTCTGGCGATAA 30 K482T ACGCTTGCTGAGATCTGAGCTTTCCGCGCT 30

K483 cobU K483S TCACCAAAATATGCATACCGACTCCTGATT 30 K483T CCAGCATCCGAGATCTGGTGGAGCACCCAT 30

K484 deoC K484S CAGGGTTCTGAGATCTTAACGCCAGAAACG 30 K484T CTTTCAGATCATGCATTTCATTCTCCTGGC 30

K485 dsbA K485S GAATCATCAGAGATCTTATTTCGCTGTTTT 30 K485T GCCAAATCTTATGCATGATCTACTCTCTCC 30

K486 eda K486S TTTTCCAGTTATGCATCAGAGTTTTCTCTC 30 K486T TGTCTCGTTAAGATCTTGAACCATGGCTGA 30

K487 flgB K487S TGTTCAGCGCAGATCTTTCTGCGTTGGCGC 30 K487T CGAGCTTATCATGCATATCTCCTCCGCAGG 30

K488 flgD K488S CGCGATATCGAGATCTCCAGTGAACTTAAA 30 K488T TTACCGCAATATGCATAGCTTTCTCCTTTA 30

K489 flgH K489S GTTTGAAGATAGATCTTATCAAACCATTCG 30 K489T CAGCGTTTTTATGCATGGCTATCATCTTCA 30

K490 flhA K490S CGGCCAGATTATGCATGGGTCGGTTTCTCG 30 K490T CGCGGAGTTGAGATCTGCAATTTTGAAAAC 30

K491 fliL K491S ACAGCACAGCAGATCTACGCCCCCGGCACA 30 K491T TCGCGTAATCATGCATGTGTTGCGGTCTTC 30

K492 fliM K492S AGCAGGCCGCAGATCTGCAACAGCAAAGCC 30 K492T GAATACTATCATGCATGTCGTTATCGCAGA 30

K493 fliO K493S GCAGCATTCAAGATCTGAGCTGGTCGCCAA 30 K493T TGAGTGCGCCATGCATCTGCAGCAGTGGCG 30

K494 ftsJ K494S GCTTCTTACCATGCATTTAACTTTCCCATG 30 K494T AGCTGACTTTAGATCTAACCTGATTTCTGT 30

K495 gcvT K495S GAGTCTGTTGATGCATCTTGTCCTCATTGA 30 K495T TGATTGCCGAAGATCTACGGTTGCATCGTC 30

K496 gltK K496S AGTCAAACTCATGCATTATTTGCCCCCCAT 30 K496T ATTTTTTTACAGATCTCCCCGTTCGGCAAC 30

K497 hslU K497S GGGTCATTTCATGCATGGGAGATCCTTACG 30 K497T GGCAAAGAGAAGATCTACAGCACCCTCAAT 30

K498 hslV K498S TTACTATAGTATGCATGAGCTGACCCCTTG 30 K498T CAACTGACACAGATCTAACGTCAGCTTCTT 30

K499 intB K499S AGCGGATATTAGATCTATCCCCATTCGTTA 30 K499T GGACAAGCAGATGCATACCGCCACCATCAG 30

K500 leuS K500S GGTATTGCTCATGCATGGCAGCCAGTGGTC 30 K500T TACGGCTCAAAGATCTGTCTCTGGAACTGG 30

K501 manX K501S CCGGAGAAGGAGATCTCCATGACGGTAAAT 30 K501T CAATAGCAATATGCATTTGCTACCTCCTTT 30

K502 minC K502S TTGGCGTGTTATGCATCCTGGCCTTACTCA 30 K502T TTTTCAGCGGAGATCTCGCCGAGATATTTC 30

K503 mobA K503S TCGTCATCAGATGCATCGATATCGCCTCTT 30 K503T TCCCTGATGAAGATCTAAAGTCTGACCGTT 30

K504 motA K504S CTAATAAGATATGCATGACATCATCCTTCC 30 K504T AGGGCCTGATAGATCTTGAAAAAAGCATTG 30

K505 mviM K505S ATGGCGCGATAGATCTCTGACGGCATTAAC 30 K505T TACGTAATTTATGCATTTTAATCTCCCAGA 30

K506 ompF K506S TATTGCGCTTATGCATTATTTATTACCCTC 30 K506T CCGCATTCAGAGATCTGTCTTGGTTTTGAA 30

K507 ppc K507S AATATTGTTCATGCATATTACCCCAGACAC 30 K507T TGTTGGGGCCAGATCTAATTAATCAGGCTC 30

K508 ppiA K508S GGGTCGATTTATGCATGAGATTTCCTTAAC 30 K508T GGGAAAATCAAGATCTCCATACTGAAGAAG 30

K509 ppiD K509S TGCAAAATGAAGATCTTGGTATGCAGGTTG 30 K509T GTAAGCTGTCATGCATGGTGTAACAACACT 30

K510 psd K510S TAAATGAATTATGCATGGTAGCCTCCAGGC 30 K510T TGGTGGCCTGAGATCTCTTGCAGATTGAGC 30

K511 ptsI K511S TCTCTTCACTAGATCTGAATTGCAACAGTA 30 K511T AAATGCCTGAATGCATAACCCTACCTTACT 30

K513 purK K513S CGCAAACCTGATGCATGCCGCACCTCGCGG 30 K513T GCTTTTCGCGAGATCTTGGGTGCCTGGCAT 30

K514 purL K514S GCAGAATTTCATGCATAAGTCTCTCGTCTT 30 K514T GGTGAGTTGCAGATCTGTCAGGTTGCCCAG 30

K515 purR K515S CCATTACGCCAGATCTATAGGCACTGATTA 30 K515T CTTTTATTGTATGCATTCCATTTCACTCCA 30

K516 rcsA K516S TAATATGCCCAGATCTGCGCGTATCATGGA 30 K516T TAATAATCGTATGCATGGCATACCCTCACT 30

K517 rpsP K517S AACGAATAGTATGCATAACATCCTCTTGTG 30 K517T GACGTACTGTAGATCTTCGAAGATATCGAA 30

K518 slt K518S CAGCAGCAGGAGATCTAACGCTACGCGACG 30 K518T CTAAGTGTAAATGCATCAATGCAGCGTCAT 30

K519 smpA K519S CAAAGTCGCAAGATCTGGTGAATTGTCCCG 30 K519T CAAATGGATCATGCATCAGCGGTGTACCCA 30

K520 spy K520S CAGTTAATTTATGCATATTCTATATCCTTC 30 K520T ACCCATTTCAAGATCTGACATTTTGGCGCG 30

K521 sspA K521S TGGCAGCGACATGCATGAAAACCTCCAGGT 30 K521T CAACGGTAAAAGATCTATCAACCAACGTTC 30

K522 tap K522S GAATACGATTATGCATCAACGCTCCCCATC 30 K522T CCTCCGACACAGATCTGCACGGCGGCAAAG 30

K523 tig K523S-2 CGGGTGAACGAGATCTGAATCGTCATCGAA 30 K523T CAACTGAAACATGCATCTTGTTACCTCAAA 30

K524 tsr K524S CATCTGCGCGAGATCTACCGGACCCACCAG 30 K524T TGATACGTTTATGCATGGTTTCTCTTTCCT 30

K525 udk K525S GGCGACGAAGATGCATACGCGGCAATTATA 30 K525T ATCGTCTCCGAGATCTAGCAGGACAACCAG 30

K526 uxuR K526S CCCGGCTTATAGATCTGCGGCCTTTGCCCT 30 K526T AGGTGGCAGAATGCATGGTGTTGTGTCCGT 30

K527 ybaJ K527S GTGAGTATTCATGCATAACGCGTCCCCTTC 30 K527T GGTGCTGGTTAGATCTCGCAGAACGCAGTA 30

K528 yefJ K528S TTATTATATAATGCATTTCAATGTTCTTCA 30 K528T ATACGGGCTGAGATCTAAAATAAACATTAA 30

K529 yfiA K529S CTTAACCCGAAGATCTCGAATATCGATTAT 30 K529T TAATGTTCATATGCATAAATTTTACCTCTT 30

K530 yfiD K530S GGATACCTGTATGCATGTGATGCCTCCCCG 30 K530T TGGCGTGGGAAGATCTCTGACCTGCGCGTA 30

K531 ygjT K531S GGCGTCGGCGAGATCTTTATTTGGTGAGCC 30 K531T TGCCGACAGTATGCATAGAAGTTCCTTACA 30

K532 yhdG K532S-2 TTGCAGGCCCAGATCTTGAACTGGCACCGT 30 K532T ATTGTCCGATATGCATGAGTTAAGAAATGA 30

K533 yhdJ K533S GCGGATGCCCAGATCTTAGGCCGCGCAGCT 30 K533T CTGTTCTCATATGCATTCCCTTTGTGACAC 30

K534 yhfC K534S AATACCGCGTAGATCTAATCACGCTGACCA 30 K534T GATTGCTGTTATGCATGATTGGCCTGCGTT 30



K535 yhjE K535S TCCATCTTCGAGATCTATCTGCTTTTCTTC 30 K535T TGGCTGTTGCATGCATAATCTTTTCTTATT 30

K536 yhjW K536S AAACAGGTGAATGCATCCTGCTTAGTGGCT 30 K536T GCCAACCTTTAGATCTGTCTGGTGCTGGGT 30

K537 yihE K537S GCACGGGCAAAGATCTAACCACTCACCAGC 30 K537T AAGCGCTGTTATGCATCCCATCATCCGGAA 30

K538 yjfN K538S TTTTTCGTTTATGCATATGTTGCAGGGCAT 30 K538T CGGTAACGGGAGATCTTTTTGCCCGACAGG 30

K539 yjfP K539S GGCGCTCGCAAGATCTGTCACTAATTGCAG 30 K539T ATTCTATTTCATGCATCTGTCTCTCCTTTT 30

K540 yjiY K540S TAGTAAAACCATGCATGTATTGATTAATAG 30 K540T GCTCTGACGCAGATCTCGCGGCAACGCTTC 30

K542 (gapC) K542S CCTCTTCGGCATGCATTTTTTTCCGAGAAT 30 K542T AGAGGCTAAAAGATCTCCGTGGAAAGCGAA 30

K543 (nrfC) K543S ACCCTATCCAATGCATCTCCCTGAAATTTC 30 K543T ATTCGCCAGCAGATCTCGGCTGGGCAGCTG 30

K544 aceE K544S CGCAGCAGTCAGATCTTCTGGACGCGGAAT 30 K544T GGAAACGTTCATGCATGGGTTATTCCTTAT 30

K545 aceF K545S AGGTAGCAAAAGATCTGTTCAGCTGCTCGG 30 K545T TGATTTCGATATGCATTATTCTTTTACCTC 30

K546 ackA K546S CAGAGAGTAAAGATCTCGATCGGCGGCATA 30 K546T CTAACTTACTATGCATGGAAGTACCTATAA 30

K547 aco2/acnB K547S CGTAACCGCGAGATCTTCAGACACAGCCAG 30 K547T GGTATTCTTCATGCATGACGGTTCTCCTCG 30

K548 adi K548S TTAATACTTTATGCATTGCTTACCCGGTTA 30 K548T CTGGGCTTTAAGATCTAAAACTATGATCAG 30

K549 agaI K549S GGCCTCAAAGAGATCTTGTTTGGCCCAATC 30 K549T CAGTGCCTCGATGCATTTACAAAATGCCGA 30

K550 ansA K550S TTGATAAAATAGATCTGGGCCACGTCTGGA 30 K550T TTGATTTCTTATGCATGATATTGATATGAA 30

K551 ansB K551S TTTTGAAAAAATGCATTTCATTCCTCCAGT 30 K551T TGAAAGAGCAAGATCTCCGCATTATTGAAA 30

K552 appB K552S GGAAGGTGACAGATCTTACGGCATGTTGCT 30 K552T TTTCATAATCATGCATGATTTTCTCCTTTA 30

K553 (N) appC K553S CGCCCATTGAAGATCTGATGAATGGCCTAC 30 K553T CAATGACATCATGCATGCGCACTCCTGTAG 30

K554 araA K554S TATCAAAAATATGCATTATCGTGTCCTTAT 30 K554T ACGGCCGCCGAGATCTGAACGCTAACCAAC 30

K555 araB K555S CAATTGCAATATGCATCGTTTCACTCCATC 30 K555T GATTTTTCACAGATCTCTGACCGCGAATGG 30

K556 araC K556S ACTCAATGTAAGATCTCGGATGATGACGGA 30 K556T TTTGCGCTTCATGCATACTTTTCATACTCC 30

K557 (N) araD K557S TGAGATCTTCATGCATGTTGACTCCTTCGT 30 K557T GGCGAATGCGAGATCTAAAGCGCAACCGGA 30

K558 ascB K558S CATTCAGACCAGATCTGAAACCGGCAAAGA 30 K558T CTGGAAATACATGCATTTTCATCCTCAATT 30

K559 ascG K559S GCATCGTCGTATGCATTTTCATCCCTTTAC 30 K559T TGCATATCTCAGATCTGCAGGCTGACGACT 30

K560 atoA K560S GATAGCCAATAGATCTGCGTTTGTTGATAC 30 K560T GTTGTTTCGCATGCATTATTTGCTCTCCTG 30

K561 atoB K561S ATTGCGGGTCAGATCTTACATAAAACGCCA 30 K561T TGACACAATTATGCATTTTATATTCCTTCT 30

K562 bglA K562S CATAACTTACAGATCTGAAACGTACACGCA 30 K562T GTTTTTTCACATGCATAGGCTCCAGATGAG 30

K563 bglB K563S CTGGAAGTGCATGCATAATTAACTCCTTTT 30 K563T GGTGCCCCGCAGATCTAAACACCAGAGGTT 30

K564 bglF K564S TGGCTAACTCATGCATAACTTGCCCTCTAC 30 K564T CTTTATTGCCAGATCTCTGGTCAGTGCCCA 30

K566 cadA K566S TTGCAATAACATGCATAGTCATATCTCCAG 30 K566T CCGCTAACGAAGATCTCTTCCCGAAAGTTT 30

K567 cadB K567S TCTTGGCAGAATGCATGCTCTTCTCCTAAT 30 K567T GAAGCAGCTGAGATCTATCTCACCGCCTTT 30

K568 celD K568S TCACTGGCTGATGCATCGACTCCTTATGCC 30 K568T ATCGCAACGTAGATCTATCTGCCCTTTGTT 30

K569 cpsB/manC K569S GTTTCGACTGATGCATAATTATCCCCGAAT 30 K569T CGGCAATATTAGATCTAAGCAGGGGCTGGA 30

K570 cybB K570S GGGCGGAAATAGATCTCTTCTTCGCACCAG 30 K570T AATTTTCCGTATGCATAACGGGCTTTTCTC 30

K571 cybC K571S TCGAGCAGATAGATCTAGAGATGGGCACCG 30 K571T CGTTGAGGGTATGCATATTGTCTTCGAGAT 30

K572 cydA K572S ATTAGCCAGTAGATCTAAAAAGAATTAAGG 30 K572T CTATATCTAAATGCATGACTCCTTGCTCAT 30

K573 cydB K573S CTGAAACGCTAGATCTCAAACGTGGCTGAT 30 K573T CTTCATAATCATGCATTTGACGACTCCTGT 30

K574 cynR K574S TATGTCGAGAATGCATTCGCAACCTATAAG 30 K574T GCGCGCCTCAAGATCTACGCGGGCTGAATC 30

K575 cyoB K575S ATAATTTTCCATGCATCTTTATTCTTCCTC 30 K575T GAAATCGCTTAGATCTCGAACACTCCGGTG 30

K577 cyoD K577S CGGTAGAATGATGCATTACATCGCCCCCAT 30 K577T GATGAGCGACAGATCTCTGTTCTCTATCTT 30

K578 cyoE K578S ATTGCTTAAAATGCATAACCGCCGCTCTTA 30 K578T GTCTGCACGTAGATCTTGGTCTTATCTGGA 30

K579 dadA K579S CGCTGGAGTAAGATCTCATCATCTGTTCTG 30 K579T GTATGACAACATGCATAGCCACTCCGATAA 30

K580 dadX/alr2 K580S GTTGATATTCAGATCTATCCGCTGAAAGGC 30 K580T GTATCGGACGATGCATCTCGTTTCCTTAGC 30

K581 dgkA K581S GGTTGCTACGAGATCTATCGAGATAGTCGT 30 K581T TGGTATTATTATGCATTGAAAGAACCTTTT 30

K583 dld K583S GAAAAGAGGAAGATCTAGGCGGCTTAATTC 30 K583T TTGTCATGGAATGCATTTTCCACTCCTTGT 30

K584 dmsA K584S GTCGTATGCAAGATCTTTGCCGCAGCAAGT 30 K584T ATGCGCTGCTATGCATTGCCAGGCCGCCGA 30

K585 dmsC K585S GCTTCCGCCGAGATCTTGAATATGCTGGCG 30 K585T GCCATCCACTATGCATCTCACACCTCCTTC 30

K586 dniR K586S TCGCTTTTGCATGCATGTGTGTGTCAATAG 30 K586T AATTGCTACGAGATCTCACACTTTAGGACA 30

K587 dsdC K587S CACGAAGGGGATGCATAATCACCTCATTTT 30 K587T GAAAGCCAGCAGATCTGTTGAAGTGTCAGA 30

K588 ebgA K588S GTACGCGAAGAGATCTTCTGGCGCGGCGGT 30 K588T AATCGGAACCATGCATGGTGATGGTAGTTT 30

K589 ebgC K589S AATTAACGGCAGATCTGATCAGGTGGCGTA 30 K589T TATCGATGATATGCATTGCTTATTCTCGCT 30

K591 edd K591S ACAATTGTGGATGCATAAAGGCTCCTGAAA 30 K591T CTGCAAATCAAGATCTTGGATCTGAGCTAT 30

K592 eno K592S TTACGATTTTATGCATTAGGTTTTCCTCAA 30 K592T TTTGTGCCAGAGATCTAGTACCCGGTTGTG 30

K593 exuR K593S GTTTCCCGTAAGATCTTCGTAACGCTGGGT 30 K593T TATGCGCTCCATGCATGATACGGCAGACTA 30

K594 fadA K594S TGACAACCTGATGCATTGTGACTCCTTAAG 30 K594T CAGCGGATGCAGATCTATTACCGCGATGCC 30

K595 (N) fadB K595S CGCCTTTGTAATGCATGTCAGTCTCCTGAA 30 K595T CAGCGCGATCAGATCTACATCTTCAGTCCA 30

K596 fadD K596S GCCAAACCTTATGCATTTCTTCACCTCTAA 30 K596T GAACCTTCTCAGATCTGCATTTATGCCGAT 30

K597 fadH K597S GCTGACAGGCAGATCTCAAGGCGCACCAAA 30 K597T GCGACGGGTAATGCATAAAATTGTCCAGTA 30

K598 (N) fadR K598S AGTAACAGCAAGATCTCAAGATTTGCCGCC 30 K598T GCGCCTTAATATGCATAGTGAGATTTCCAT 30

K599 farR K599S AGGGCTTGTGATGCATTTTTAGTATCTCAT 30 K599T CATATGCGTAAGATCTGCTTCATTGGGGGG 30

K600 fba K600S CAAAAATCTTATGCATGTCTCTTGTCCTGT 30 K600T ATGCTTCCGCAGATCTACTGGCTGAAATCC 30

K601 fdhD K601S CGGAGTGGATAGATCTCACCAGGCCAGCGC 30 K601T GCTGTGTTTTATGCATTTTCTCTTAACCAG 30

K602 fdhE K602S TTATGCGAATATGCATTCAGCTTTCTTTTC 30 K602T CTTCAACTGGAGATCTCAAATCATGGGCAC 30

K603 fdhF K603S TGACGACTTTATGCATCGGTCTCGCTCCAG 30 K603T GATTGAACGTAGATCTCAGTCAGTACTGAA 30

K604 fdnG K604S CACTTCAATCAGATCTTGATGGGTCGCCGC 30 K604T TGCGACTGACATGCATTGCTTTCCTCTTTT 30

K606 fdnI K606S ACGCTAACGGAGATCTCGATTTCCAGTCGG 30 K606T TTTTCGACTTATGCATGATGATCCTCCTCG 30

K607 (N) fdoG K607S TTCTGCTGACATGCATGGATTGCTCCTTGT 30 K607T AACCCCATAAAGATCTGGCTGGAAAGCTCA 30

K608 fdoH K608S GAGATTGATAATGCATATGTCGTCTCCGTT 30 K608T CACTACGAGCAGATCTAAACGCCGCTGGGA 30

K609 fdoI K609S TGTCACGTCGATGCATTTGCGCTCCTCGTC 30 K609T CCAGTCCGAGAGATCTATTGGCTGCGGTTA 30

K610 fdx K610S TAACAATCTTATGCATATTAAACCTCGTCC 30 K610T AGGACTGCCGAGATCTGGCGCGTTTTGCGC 30

K611 (N) fldA K611S TGCCAGTGATATGCATGAGTGAAATAACCT 30 K611T GACTCATCGCAGATCTGTATTATGGCGCGC 30

K612 fpr K612S TTACCCAATCATGCATGTTTTTCTCCTGTT 30 K612T CCAGACAGCGAGATCTACGTGCTGTACGGT 30

K613 frdA K613S CTTGAAAGGTATGCATGACATTCCTCCAGA 30 K613T CCCGGGGCCAAGATCTCGTGTCTCAAACGG 30

K614 (N) frdB K614S TTTTCATCTCATGCATTCGCCTTCTCCTTC 30 K614T AGGCAGCTGGAGATCTACAACGTCTGAAAG 30

K615 frdC K615S TACGTTTAGTATGCATGTTGCACTCCTTAG 30 K615T CATGTAAAACAGATCTGCGTGATTACACCG 30

K616 frdD K616S GATTTGGATTATGCATCTCAGGCTCCTTAC 30 K616T CGAAGTCTGCAGATCTCACGTCGATCCGGC 30

K617 fruK K617S CAACACGTCTATGCATTATGCGCCCTCCCC 30 K617T ATAGCGCCGAAGATCTTCTGCGTAGCGCGA 30

K619 fruR K619S CGATGAAAAAAGATCTGAGCAGATCGAAAA 30 K619T TTTCATCCAGATGCATAATTGCCCCTTGCG 30

K620 fucA K620S GTTTATTTCGATGCATTAGCTACCTCTCTC 30 K620T TATGTTTTCAAGATCTCAAAACCAGCGAGT 30

K621 fucI K621S GAGCTATTTGAGATCTTACGCTGTAGAAGA 30 K621T AGCTGATTTTATGCATTACAGATTCCTCAC 30

K623 fucO K623S TTCTGTTAGCATGCATCCTTCTCCTTGTTG 30 K623T TCGCATATTGAGATCTTTGATGGCAACGGT 30

K624 fucR K624S CGCAAACTGAAGATCTATTTATAGAGGAAG 30 K624T GGCGTGCCGCATGCATATTTTTCACCCCAT 30

K625 fumA K625S AGGGTTTGTTATGCATTGTTCTCTCACTTA 30 K625T TTCAGAATTGAGATCTTTTGGATGAACCTG 30

K626 fumB K626S AGGGTTTGTTATGCATAGCTTCCAGCCTGT 30 K626T CCGTTCCGGTAGATCTGCCATCGTGGCGGT 30

K627 fumC K627S TGCGTACTGTATGCATGACCTGCTCCTCAC 30 K627T CCAAAACGCCAGATCTTTATGCCTCCGGTT 30

K629 galK K629S TTTCTTTCAGATGCATTTCTTACACTCCGG 30 K629T GCTGAGCGCGAGATCTGCCTGCAAAAAGAA 30

K630 galR K630S CGACAGTAAAAGATCTGCGAAAAAAAACCT 30 K630T CCTTTATGGTATGCATGAAAATACCTTAGT 30

K631 galS K631S CACGAATGGTATGCATATTCACTACCTGTT 30 K631T TGTGCCTTCTAGATCTAAATGCCGCGGGAA 30

K632 galT K632S GATTAAATTGATGCATGGTCGTTCCTTAAT 30 K632T AGCATTGCCCAGATCTGCTACTTCAACCCG 30

K633 galU K633S CAAAATCAACAGATCTCAGAGTTGGGCGCG 30 K633T TATTAATGGCATGCATTTAAATTCTCCTGG 30

K634 gapA K634S TGGTTTGGGAAGATCTCAGCGGGGCATCGC 30 K634T CTACTTTGATATGCATATATTCCACCAGCT 30

K635 gapC K635S GGGCGGAAATATGCATCTTCTTCGCACCAG 30 K635T AATTTTCCGTAGATCTAACGGGCTTTTCTC 30

K636 gatD K636S TCACCACTGAATGCATAAAAACTCCTGATT 30 K636T TCCGGCGTTGAGATCTGGACATACGGCGGT 30

K637 gatR_1 K637S CTTCGGCGATATGCATTGTCGTACTTCCGC 30 K637T GCCGCTGCGGAGATCTCGGAGCACGCGGCA 30



K638 gcd K638S TATTGTTAATATGCATAAAGAGACACCATT 30 K638T GAGTCGATGAAGATCTCAACAATCAGCACG 30

K640 glpA K640S TGAATTTCGAAGATCTATAAGCAATCGAGA 30 K640T AGTCGCGAGTATGCATTGTTATCCCTCTGA 30

K641 glpB K641S CGGTATGCCGAGATCTGGGCAACACGCGCC 30 K641T CAGTATCAAAATGCATCTTTCTGCTCCTTC 30

K642 glpC K642S AACGCTGCCGAGATCTGTGCTGGGCATTCG 30 K642T AGCTGGTGTCATGCATTGTTGGCCTCCTGC 30

K644 glpE K644S ATTCGAACTGATGCATGCGTCTCTCTTTCT 30 K644T ATCGTACATAAGATCTCCAATGCGAATCAT 30

K645 glpG K645S AGGTAATCATATGCATCGTTGCTGTCGCTT 30 K645T CGAACATATTAGATCTGAATCGCGCTTTAG 30

K646 glpR K646S GTTGTGTTTGATGCATTTATAAATCCCTGG 30 K646T TGCAAATTCTAGATCTTCAGGAAGTGATGT 30

K647 gltA K647S CTTTTGTATCATGCATTTAAGGTCTCCTTA 30 K647T GCTCGGGATTAGATCTTGTTCCGGAGACCT 30

K648 gnd K648S TCTGTTGCTTATGCATTACATACTCCTGTC 30 K648T AGCCGAGAAGAGATCTCCCGCTTATTCGCA 30

K649 gntR K649S GTCTTTTCTTATGCATCGTCCTGAAGGTAC 30 K649T TCGATGCCGTAGATCTCAAACAGCTGGTGC 30

K650 gpmA K650S GCTTAGTTACATGCATATACTTACTCCTCA 30 K650T GGTTACGATCAGATCTTCTTGTTACAGGCC 30

K652 gutM K652S TTCGCGTTTGAGATCTCGCGACGGGATTCA 30 K652T TGAGTGCGGAATGCATAACTTTTCCTTAAT 30

K654 hyaB K654S GATGAGCGCCAGATCTACTTACATGGTGAC 30 K654T CGTACTGAGTATGCATGCCTGTTTATCCTC 30

K655 hyaC K655S CGCATGATGTAGATCTTGAACCTGCCGCTT 30 K655T CGCTTTTCTGATGCATGATGATTCTCCTTC 30

K656 hyaD K656S CTTCAGCGCCAGATCTGTTTTTACCGTGGT 30 K656T CGCGTTGCTCATGCATGAACGCTCCTTGTT 30

K657 (N) hyaE K657S GCGGGTGGCGAGATCTCTGTATGCCCATTA 30 K657T GCGTGTCGTTATGCATCCCTGCTCCTCCTG 30

K658 hyaF K658S CGTGGGGAATAGATCTGCAACCGGCTAATG 30 K658T AAAAAGTTTCATGCATGAGGCACGCTCCTG 30

K659 hybA K659S AATTACGTCTATGCATGGTTATTCTCCCCG 30 K659T TGCGCACATCAGATCTTACGGCAAACCGCC 30

K661 (N) hybB K661S GTGGATCATGATGCATGATCGTCTCCTCCG 30 K661T CCTGTCCGTAAGATCTGCCGAAGTACGACT 30

K662 hybC K662S TAATTCTCTGATGCATGCTTTGCTCGCCTC 30 K662T GGGCTTCTCGAGATCTATCTTTGAAGGTTC 30

K663 hybD K663S AGACTAAAATATGCATTACAGAACCTTCAC 30 K663T CAAACTGAATAGATCTGTTGCGATTTATCA 30

K664 hybE K664S CTATCTCTTCATGCATGAATCGCCTCCCGT 30 K664T AACGAAGTGGAGATCTTGAAGGTTCTGTAA 30

K665 hybF K665S GAGACAACTCATGCATTTTCGCCACTCCTG 30 K665T ATCTGGCGTGAGATCTATCCCACGGGAGGC 30

K666 hybG K666S GAACGCCAATATGCATTATTAACTCCGGTT 30 K666T CCTGTTCGCTAGATCTGCCGCTTTCGCACA 30

K667 hydN K667S TGATGAAACGATGCATCAAATTCTCCAGCA 30 K667T AACTTATCGCAGATCTTAAATGGACGCCTG 30

K668 hypA K668S ATGCCGTCAAAGATCTGTTGCGCCTGCGCA 30 K668T GGGTTATTTCATGCATATCGCCTCCCATTA 30

K669 hypC K669S TAAAACCACCAGATCTACGGAAACCCTAAT 30 K669T GAACGCCTATATGCATCGCTGTGTCTCCAG 30

K670 hypD K670S AACACAAAGTAGATCTGCTTTCCGTTACCG 30 K670T CATCAACAAAATGCATTATTTTTCCTCGCC 30

K671 hypE K671S CAGCGATTTTAGATCTCCGCTGGTGGTTGC 30 K671T TGATTAATTGATGCATCGCCTGGCCGCCGC 30

K672 icdA/icdE K672S ACCTTCCACCAGATCTTAATAGATTTTTCC 30 K672T CTACTTTACTATGCATTCACCTCTCCTTCG 30

K673 idnK/gntV K673S AATGCAGTATAGATCTTGACCGCACGGTTT 30 K673T AGCTTTCACCATGCATTTAAAATCTCCTGA 30

K674 kdgK K674S AGAGAAATTTAGATCTCCGGTACCAAAATC 30 K674T CATCACTTTTATGCATAGGACATCTTTGAT 30

K675 kdgR K675S GATCTGCGTTATGCATTTATCACCTCATTG 30 K675T GTATGACACGAGATCTGGTGAGCATTTGCA 30

K676 lacA K676S TCATTGGCATATGCATTGCGATCACTCCGT 30 K676T CGAATTACTTAGATCTTCGATTATGTTCTT 30

K677 lacI K677S ACGTTACTGGATGCATATTCACCACCCTGA 30 K677T TTCACCGGGCAGATCTCGGGCGACGTTTGC 30

K678 lldD/lctD K678S GCTAAAAACAAGATCTGCCGATGATCCGGA 30 K678T CTGCGGAAATATGCATGCGTTTTTCTCCCT 30

K679 lldR/lctR K679S ACTGCTCTCGAGATCTTGGCTGAAGATGAA 30 K679T TGGGTAAAACATGCATTAAGGAATCATCCA 30

K680 lpdA K680S CCGGAAGTGGAGATCTTCGGCGTTTCCAAG 30 K680T TGATTTCAGTATGCATCATGACCTCTATAT 30

K681 malI K681S TTTTGGCGGTATGCATGCAGATGACCTACT 30 K681T GAAGTTTACCAGATCTTTCATTACCGCATA 30

K682 malM K682S CGAATCCCAGAGATCTGGCGACAAGAACAA 30 K682T TTTTATTCATATGCATTGTTTTCACCTCAA 30

K683 malP K683S AAATAGGTTGATGCATAGGAGTTCCACTTT 30 K683T AGCGATGACGAGATCTTATGTGTCTGAATT 30

K684 malT K684S GAGGAGTTGCAGATCTGAGCAAGGAAATGT 30 K684T TTGACGGAATATGCATAGTTAATCACTTCA 30

K685 (N) malY K685S GGCTTCACCGAGATCTCTGTGCTCGGCGTC 30 K685T TTGAAAAATCATGCATATCTTATCCTTATG 30

K686 malZ K686S GACTACCGCGAGATCTTTTGCGGTGTATCT 30 K686T ATGCATTTAAATGCATAATTCCCCTGTGAT 30

K687 manA K687S CTGACAGGTTAGATCTACGCCTTTCGCCGC 30 K687T TAATGAGTTTATGCATGATCAATCCCTGTT 30

K689 (N) melA K689S GGCCCAGAACAGATCTATATGACCCTGATT 30 K689T TGGGTGCAGAATGCATGCAGATCTCCTGGC 30

K690 (N) melR K690S ACGTATCTGTATGCATGGATGGCTCTCTTT 30 K690T ATCCTCTAAGAGATCTTTCTGTTGGGTGTG 30

K691 mtlD K691S CGACTTATCTAGATCTGTCTATCGCGGTGC 30 K691T AATGTAGTGCATGCATAGTATTAACCTTCA 30

K692 mtlR K692S TAAACTCTTCAGATCTAACACGGGTCATGC 30 K692T GCGCCTGGTCATGCATTATTGCATTGCTTT 30

K693 narG K693S AACCGTTACTAGATCTACTTCGGGTTACAT 30 K693T CCAGGAATTTATGCATCGGTTTTCTCCTGT 30

K694 (N) narH K694S AGGCCAGAAAAGATCTGGCAACCAGGAAAA 30 K694T GTGAACGAATATGCATTTTACGCTCTCCTG 30

K695 narI K695S GTTCGACCGTAGATCTGCCACGTCACTGTT 30 K695T TATTCAGGAAATGCATTAGTGCTGTCCTCC 30

K696 narJ K696S GCTGCCGCTGAGATCTGAATATCGCACACT 30 K696T TCACGAGTTCATGCATGGATGCGGCTCCGT 30

K697 narV K697S CAGATACTGAATGCATTCCCACCTCCCGCA 30 K697T TGACCGCGGGAGATCTACGTCGCTGCTGCT 30

K698 narW K698S CTTTGAGGATATGCATTATTCGCCCTCCGC 30 K698T CCCTGAATACAGATCTCTGCCGATGGTCTG 30

K699 narY K699S GTGAACGGATATGCATTTTTTCGCCTCCTG 30 K699T CCAGATACCGAGATCTGGCTTCCCGGAAAA 30

K700 narZ K700S CCAAAAGTTTATGCATGACATGACTCCTGC 30 K700T ACGTTGATCAAGATCTTTTTTATGGCGATT 30

K701 ndh K701S ACATCTGAAGAGATCTATCATTATTACGAG 30 K701T TCAATGGCGTATGCATCGTGACCCCCTTAA 30

K702 nirB K702S ATCTATACCAAGATCTTCACCCTGGGTTCA 30 K702T GTCTGACTTTATGCATTTTTGCCTCGATTT 30

K703 nirD K703S GTTCGGTGTCAGATCTTGTACCCGTGAATG 30 K703T CTTTCCACTGATGCATGCGTTGTCCTCCAC 30

K704 (N) nlp K704S CGACGATCTGAGATCTGGTAAACCGACGCT 30 K704T TGAAATTACTATGCATTTTTCCTCACTCCT 30

K705 nrfA K705S GTTCGCCCCAAGATCTATCAGGTACGTTAA 30 K705T TTTTTATCCTATGCATAGGGGCTTCATCCG 30

K706 nrfB K706S GGACAAAGCTAGATCTCAAAAAGTGGTCGC 30 K706T ATACGCTCATATGCATTCCATTGTGTTTTC 30

K707 nrfC K707S CCTGTTGTGGAGATCTAACGGAATTACCGC 30 K707T GACGAGACCAATGCATGGCTGCTCCTTAAG 30

K708 nrfD K708S CTGTATGGATAGATCTCGGGAAGTGAACAA 30 K708T CGGAAGTCTGATGCATTGGCTCACCTCCCC 30

K709 nrfE K709S CGTTCCTCAAAGATCTGATCCTGCCGGTGC 30 K709T TCAACGGGGTATGCATGTTGACCCCGAGAC 30

K710 nrfF K710S CGTTTGGTCTAGATCTGCTGGTGGTGATTG 30 K710T GAAGCCCTTTATGCATCGCGCTTCTTCCCC 30

K711 nrfG K711S GTCATGGGGGAGATCTCTGGGCCGGATCGT 30 K711T TTTTGGGCTGATGCATCGCTTCGCCCTCAC 30

K712 nuoA K712S ATGTTGACATATGCATTGCTTACTCATCAA 30 K712T GTACAAAACTAGATCTTTTTCAACCACCAG 30

K713 nuoB K713S TGAGCGTATAATGCATCTTAATGCCTCGCG 30 K713T TGGCGTCCATAGATCTTGAAGAGCAGTGAA 30

K714 nuoD K714S TCATATTGTTATGCATTGCAAATGGTCCGT 30 K714T TTTGGCGCAGAGATCTTGCGTGCTTCGCCG 30

K715 nuoE K715S GTTGATTCTCATGCATAATTAGCGGTCCAC 30 K715T TGCTACCGGGAGATCTTTCGACGTGCGTAA 30

K716 nuoF K716S GGATAATGTTATGCATTTATACCGCTCCAG 30 K716T CAGATGTGGAAGATCTATTATGCACGAGAA 30

K717 nuoG K717S TTGTAGCCATATGCATGCTTCCAGTTTTCT 30 K717T GGCAGCCAGGAGATCTGGGGACTGACTTCC 30

K718 nuoH K718S GTGATATCCAATGCATTGTTGTGCCTCCTT 30 K718T CTCGATGGAAAGATCTAACCAGCCGACTGC 30

K719 nuoI K719S ATTCTTTTAAATGCATGGTCTTATTGCCCC 30 K719T CCTCGGGCTTAGATCTATGGGCGTGGTGGC 30

K720 nuoJ K720S AAAAAGCGAAATGCATTGCCCCTCTCCTTA 30 K720T GGTTCGTAGTAGATCTATGATCGGCCTGCA 30

K721 nuoK K721S GTTGTAAGGGATGCATGCGTGCTCCTCCGT 30 K721T CATACTTGCGAGATCTCGAGTGATCACCCA 30

K722 nuoL K722S AGGCAAGCATATGCATCCGCGCATCTCACT 30 K722T TCGGTGTTAAAGATCTGGGTATCGACGGTA 30

K723 nuoM K723S GCCAGGGTAGATGCATGGCGATCTTTATTC 30 K723T CTGGCGTGGTAGATCTGGTCGGCATTCTGC 30

K724 nuoN K724S GCGGCGTAACATGCATAGCGCCCGCCTGGC 30 K724T ACCGGTAACTAGATCTGCGAATTTATGATT 30

K726 pfkA K726S ATTTTATATAAGATCTTACGCATGGGATAT 30 K726T CGATTTTCTTATGCATGACTACCTCTGAAC 30

K727 pfkB K727S GCAGTGGTGTAGATCTACCAGGTCATGGTG 30 K727T TATAGATACGATGCATCATTTCCTCCTATA 30

K728 pgi K728S CGTGTCAGGGAGATCTTTTTCAGCCTTGGC 30 K728T GATTGATGTTATGCATTAGCAATACTCTTC 30

K729 pgk K729S TCTTAATTACATGCATGGTGAATCCTCTCG 30 K729T CAGGTTATTGAGATCTACCATGCTGACCTG 30

K730 pgm K730S AGCATATCGGAGATCTCGCATCCGACATTT 30 K730T GATTGTGGATATGCATTGCTTTGTCCTTTG 30

K731 phnF K731S GTGTAGACAAATGCATAGATATCAATGCCT 30 K731T TGGTGCCGTGAGATCTTTACCAGCCCGTTC 30

K732 phnG K732S CGGTATCTGCATGCATTCAGTGCTCCATAG 30 K732T GTCGGCGTGCAGATCTTGATGCGCCCGTTC 30

K733 phnH K733S CGGTTTCCAGATGCATGCGTTGTCTCCGCG 30 K733T CAGCCCGGCGAGATCTTCCGTCAGCCTGAC 30

K734 phnI K734S TCACGGCAACATGCATCAGCACACCTCCAC 30 K734T GGCCATGAGCAGATCTGGCGTGATTGTCGC 30

K735 phnJ K735S CGCTCAGATTATGCATGGTTCTGCTCCTGT 30 K735T CGCCGCCGGTAGATCTCTGCTCACGCTCCT 30

K736 phnK K736S GTAACGGTTGATGCATTGGTTTTTTGCCTC 30 K736T CATCCCCGAAAGATCTCTGACCGAAGATCA 30

K737 phnL K737S TTTGTACGTTATGCATTTTTCGCCTCGTGG 30 K737T CGGCGATATTAGATCTACCGCGCAGAAGTG 30

K738 phnM K738S CGTTATTGATATGCATGAAGAGGCTCCCAT 30 K738T GTACGCCAACAGATCTCCCGACGAAGGTCA 30



K739 phnN K739S TCAGTTTTCCATGCATCAGAACACCCTTTT 30 K739T GTCGCAGCCGAGATCTGAATCCATCGCCGC 30

K740 phnO K740S GCTCACAAGCATGCATGGTGTTTCTCCTTC 30 K740T GGCCGTCCGGAGATCTGAAAGACAGCCTGC 30

K741 phnP K741S TGAGGGTCAGATGCATGTTACAGCGCCTTG 30 K741T CCATACGCTCAGATCTGACGGCAGCCTGCG 30

K742 phoA K74"S GAAGAGAATAAGATCTATAACTTTTATTTA 30 K74"T GTCTCGGCCGATGCATCTTTATGACAGCTG 30

K743 pldA K743S TAAAACGCTCAGATCTGCCTGGGCGCAGAT 30 K743T CCTGCAGAGTATGCATCGGTCGTGTTCTCC  

K744 pldB K744S AATTGCGGAAAGATCTCCGCCAGAAACACA 30 K744T TTTGCTGCTGATGCATCGGGTAATCTGCCT 30

K745 ppk K745S CACTATGCCGAGATCTTGCTGAACATTCAC 30 K745T GCTTTTCCTGATGCATTACCACTTTTACTC 30

K746 ppx K746S ACCGCGAGATAGATCTCGCGCAGCAAGGGC 30 K746T TATCGTGTATATGCATAGGGTTATTCAGGT 30

K747 psiF K747S AAAATGAGAAAGATCTTTTCCTGCAAGTTG 30 K747T CACCATCCCTATGCATGTTTTAACCATGAG 30

K748 pta K748S CCTGCACGACAGATCTGGCATGAGCGTTGA 30 K748T TAATAATACGATGCATGGTTTATCCTCTTT 30

K749 putA K749S TGGTGGTGGTATGCATGCCATTACTCCTGT 30 K749T AGTTTTTCGTAGATCTCCAGGCGATAAACC 30

K750 pykA K750S ATGATATCGTAGATCTACGCATGAGTTGTA 30 K750T GAAGCCTTCTATGCATGTAATACTCCGTTG 30

K751 pykF K751S AATCTAACCAAGATCTCAAAAATCAAACAA 30 K751T TTTTGGTCTTATGCATGACAGTCTTAGTCT 30

K752 qor K752S CAATTCGTGTATGCATGTGTCCTCCAGAAC 30 K752T GCTTCGGCAAAGATCTTCGCAACCGAGATC 30

K753 rbsK K753S CGAAGGCTTCAGATCTGCCGTTGCTGCTCA 30 K753T TGCCTGCGTTATGCATATTCGGGATGTCCA 30

K754 rbsR K754S ATGCAGCTGGAGATCTCACTCGAAAGTGTG 30 K754T CTTTCATTGTATGCATGCGTCACCTCTGCC 30

K755 rhaA K755S CCAGTTGAGTATGCATGCGCAAAGCTCCTT 30 K755T GCTTATCTCCAGATCTCAGGCACTTCCGGC 30

K756 rhaB K756S AATTGCGAAAATGCATAATGTGATCCTGCT 30 K756T CGGTATGTTCAGATCTATGCCGATCATGAT 30

K757 rhaD K757S GAGTAATGTTATGCATGTTCTGTGTTCCTG 30 K757T GCAGGTAGCGAGATCTTGGAGAGCGTGCGG 30

K758 rhaR K758S TGCCACAAGAAGATCTTGGGCAGTATCCGT 30 K758T TATTGCAGAAATGCATCCCGTCCCTGGCGA 30

K759 rhaS K759S TGCTATCGATAGATCTCCCTTCCTCGCACA 30 K759T TATGTAATACATGCATACTGGCCTCCTGAT 30

K760 rpiA K760S ATTCATCCTGATGCATGATCGTTTCGCCTG 30 K760T ATGCACAGCTAGATCTCCGCGCGCTCAAAT 30

K761 sdaA K761S GAAGCTGAAGAGATCTTCGCTATACCGCCT 30 K761T CGAATAGACTATGCATGATAATACTCCTGA 30

K762 sdaB K762S CTGGCTGCGGAGATCTAGCAGAACATCTCG 30 K762T CGAATACGCTATGCATAGGAAATACATCGC 30

K763 sdhA K763S TTATCATGTGAGATCTCCTTACCGCTCTGG 30 K763T TGACTGGCAAATGCATCACACACCCCACAC 30

K764 sdhB K764S ATCGCCGAGCAGATCTCACTGCGCGATGCC 30 K764T AAAACTCGAGATGCATTTTCCTGTCTCCGC 30

K765 sdhC K765S GCAATCCGAAAGATCTAACTTGTCTACCAC 30 K765T TCACATTTCTATGCATGAATAACGCCCACA 30

K766 sdhD K766S GTTATAGAAAAGATCTTGTCTGACCCGCAA 30 K766T AGGCGTTGCTATGCATACGAGGACTCCTGC 30

K768 sucA K768S AAGTTTATCGAGATCTCAGGCTTGTTAGCG 30 K768T AAGCGCTGTTATGCATCGTGATCCCTTAAG 30

K769 sucB K769S CGGGATGCGTAGATCTCTGGTCGTGATGTC 30 K769T TATCTACGCTATGCATTGTGTATCCTTTAT 30

K770 sucC K770S GGTGGTGTGTAGATCTCCCTGATGTCTACG 30 K770T ATTCATGTAAATGCATGTGTTCTGTCCATC 30

K771 sucD K771S CGCTGACGGCAGATCTCTGTTCCGCCAGCC 30 K771T CGATTAAAATATGCATTATTTCCCCTCCAC 30

K772 talA K772S CACCGCCGTAAGATCTGAGATCACCGCCAC 30 K772T CGTCTAACTCATGCATAGGAAATACTCCTT 30

K773 talB K773S CGCCGGCCAGAGATCTGCTACCCACGCGCG 30 K773T TCAATTTGTCATGCATGATAGTATTTCTCT 30

K774 tdcA K774S GAAGAATAGTATGCATAACGACCTACGTTA 30 K774T ATTCACAAAAAGATCTCCTGTCAGAAGAGA 30

K775 tdcR K775S TAAAACCAATAGATCTAGGAAAACCAAATG 30 K775T TGGTTATCCCATGCATTTTTTTTGACAAAA 30

K776 tdh K776S TGGATAACGCATGCATCTCACATCCTCAGG 30 K776T GTGATGGGCCAGATCTATATTATCACCGGT 30

K777 tktA K777S CTTTACGTGAATGCATTTTGACTCCAGATC 30 K777T AGCGCATTGGAGATCTTTGTCAGACGTTTA 30

K779 tnaA K779S TTACGAAGCCAGATCTTGACTGTCAGATGC 30 K779T TTACATAATCATGCATTTATTTTAATTACA 30

K780 tnaL K780S CGTGGACGTGAGATCTAACCATCTCAAACA 30 K780T TATGTAAGATATGCATAATGCACTTATCCT 30

K781 torA K781S CGATAAAGAAAGATCTGGTTCTCTGCTGCC 30 K781T GATCGTTATTATGCATTATTTTTCTTCCTT 30

K782 torC K782S GTGCGGTTGAAGATCTCGCGCGAGGTCGAT 30 K782T TCCAGAGTTTATGCATAATAACCCCTGTAG 30

K783 tpiA K783S CTAAAGGATGATGCATTTTAATTCTCCACG 30 K783T ATTTCGTGCCAGATCTAGCAGTCCCGACAA 30

K784 treC K784S GGGGAAGATGATGCATTACGTTATTCCTGC 30 K784T CCGGTGTACAAGATCTCACGCTTGCTATTG 30

K786 ubiB/fre K786S CCGATTCTGCAGATCTAGTTCCCGGAAATT 30 K786T AGCTTAAGGTATGCATGCGCTTTCTCTGTC 30

K787 uidA K787S CTACAGGACGATGCATAAGGGACTCCTCAT 30 K787T TCACGTTTACAGATCTATCTGACCTACGGT 30

K790 uxaA K790S TCTTGATGTAATGCATATCAACCCCAGACC 30 K790T CAACCTGCGTAGATCTAAACTGCTGGGGCC 30

K791 uxaB K791S GATTTAGTGTATGCATAATGGGTTCCCTTC 30 K791T GAATGGGCGGAGATCTATTTGCTGTTGCAG 30

K792 uxaC K792S TCATAAACGGATGCATTTTCGTCTTCCTCT 30 K792T TCATATACCAAGATCTCCCTTTAATTTTAC 30

K794 uxuB K794S CATTGAAGATAGATCTTGGATGGTTGATAC 30 K794T CAACAATAGTATGCATCGTAAACTCCAGAA 30

K795 xylA K795S CAAAATAGGCATGCATATTGAACTCCATAA 30 K795T CCTTTTTCACAGATCTATCTCGATCTTTTT 30

K796 xylB K796S CTATCCCGATATGCATATCGATCGTTCCTT 30 K796T TTCTGTCGACAGATCTCGTGGCGATGCGCA 30

K797 xylR K797S GACGTTGCTGAGATCTGGCGGAATGTTTAT 30 K797T GACGTTTAGTATGCATGGTTCTTTTCCTGC 30

K798 yidV/dgoK K798S TGTAGCGAGCATGCATGTGATTTCCTTTAA 30 K798T TGATTGAAATAGATCTTTATCGCGGGGCGT 30

K800 ynfE/(dmsA) K800S AAGGAGCTTAAGATCTAACTCTCAACCTGC 30 K800T GTTCATTTTTATGCATAACTCACTCCCTGT 30

K801 ynfF/(dmsA) K801S GAACTGGAAAAGATCTAAGTGATAAGCCCA 30 K801T TATGGATTTTATGCATTACTCACTTATTGC 30

K802 zwf K802S TTTGCGTTACATGCATGTCATTCTCCTTAA 30 K802T GTGTCCATGCAGATCTAGAAACGATTCACC 30

K803 gatR_2 K803S ATGAATTCATATGCATTTACCCATATTCAA 30 K803T ACATTTAACAAGATCTAAATGAGCGCGCCG 30

K804 exuT K804S CATACAGGTTAGATCTACGATAGTCTTCCG 30 K804T CCCCGAACGTATGCATGAAAGTTTCGTGCT 30

K805 carA K805S GAGTGGTAAGAGATCTGGTCTTTTTGATAT 30 K805T GCGCTGACTTATGCATAACACCCTCCAGAG 30

K806 ycjL K806S GAACCGAGAAAGATCTCACAGGTACGATCC 30 K806T CCATGCTCAAATGCATAAAGTGGACTAAAT 30

K807 ycjK K807S TCGAATCTGTATGCATACTAAATGTTTGTC 30 K807T CAACGAACCAAGATCTGCCACCACCAGTTC 30

K808 argR K808S GAGAGTTCTGAGATCTAAGGCAGTTGGGTT 30 K808T TAGCCGAGCTATGCATAAGTCACCCGATAT 30

K809 yjiR K809S GTTGATAACGATGCATGCTGTATTCCTTAT 30 K809T AAACACAAGTAGATCTTGTGCGTTTTTTGA 30

K810 yjiT K810S GTGTTACAGCAGATCTGTGATGAGCGGTTG 30 K810T CAAAACCCCAATGCATTTCTAATTTGAAAG 30

K811 b2655/JW2631 K811S GACAGTTGCCAGATCTGACCACATCGATAA 30 K811T CACCTCTTTCATGCATTGTATCTCGTTGAT 30

K812 b0005/yaaX K812S GCAGCCGTGGAGATCTAAACCACGCAACAG 30 K812T ATTGCATCTTATGCATAGGTTACTCCTTTT 30

K813 glnA K813S CGTGTTCAGCATGCATACTTTAACTCTCCT 30 K813T CAAATCGTTGAGATCTATCACGCGCTCTTG 30

K814 yjaI/zraP K814S AGTCATTTTTATGCATTGAAACTTAAGCCT 30 K814T AGTTTCCGTTAGATCTAGCAGCCGCCAGCG 30

K815 yicO K815S CAGTGATAATATGCATATTTCAATTGCACA 30 K815T CTGTTCGGCAAGATCTGCAAACCAGGCGAA 30

K816 flu K816S ATATTCGCGAAGATCTGGAGGCGGTATTCC 30 K816T GTACGTATCTATGCATGTTACTGACAAAGG 30

K817 b1742/327#5 K817S TATCAAAGTAATGCATACTCGCTCCCGGCC 30 K817T ACGCCGCGCAAGATCTGACATCATTGCCAG 30

K819 ydeH K819S TTGTCTTCTTATGCATTGCCACTCCTTTTT 30 K819T CGATGATGCAAGATCTATGACCGTTGATTT 30

K820 yebE K820S TTAACCAGTTATGCATATTTGCTCCTCAAT 30 K820T GGCGCGTTGGAGATCTGATCAAAAAATTGT 30

K821 yecI K821S CTTGTTGTCTAGATCTCCCATGCGGGATGT 30 K821T TTCCAGCGGTATGCATACCTAATATCCTTA 30

K823 srmB K823S CCTGCTGATAAGATCTTGGGTTACTGATGA 30 K823T AAGTCGTTACATGCATGTTCTACCTCTGTG 30

K824 thrL K824S AAGAGTTAGCAGATCTTGACGTTCTTACTG 30 K824T TGCTAATGCGATGCATGGATGTTGTGTACT 30

K825 thrA K825S GCGAACGAGCAGATCTATTGCTGACGACTC 30 K825T ACTTCAACACATGCATGGTTGTTACCTCGT 30

K826 thrB K826S GCATGAGTTTAGATCTGGCGACCACGCTGG 30 K826T CATAAACTTTATGCATGTCAGACTCCTAAC 30

K827 thrC K827S TACGACAACGAGATCTCGTGTTTTCTCGGT 30 K827T GATTGTAGAGATGCATTTAGTTTTCCAGTA 30

K828 betA K828S TGTAGTCAAAATGCATATAAACCTCCTGGT 30 K828T GTGCGTGAAGAGATCTTCGGGCCAGTGATG 30

K829 betB K829S CTGCCATTCGATGCATCACGTCTCCTCGGT 30 K829T CTGGGCCAGCAGATCTCATCAGCCGATGCT 30

K830 ybbY K830S CATGTGGGAAAGATCTTTTAACGGTGAAAT 30 K830T AATTGAACATATGCATACCTTAACCGGAGA 30

K831 ybbZ K831S CAGGGCGCAGAGATCTCGCGTTATCGTCGT 30 K831T CAATGACAATATGCATTATCAATCCTTTTT 30

K832 cysS K832S GGCTTTCGCCAGATCTGTTCAGGAAGTCGT 30 K832T TGAAGATTTTATGCATCGAAGATTCCGTTT 30

K833 ybdL K833S GGCATCATTAAGATCTACGGAGAGCGGTGT 30 K833T GAGGGTTATTATGCATTTTTATTGTACCTG 30

K835 serS K835S GATCCACGGGAGATCTAGGTGGCAATTGCG 30 K835T GATTGGGATCATGCATGCTTATCCTGTGCT 30

K836 serC K836S TCCAACATGAAGATCTTTGAGTTCTTTATG 30 K836T TGAAGATTTGATGCATTTCCCCTCACCACG 30

K837 aspC K837S TAATGTTCTCATGCATGACGAGGTTCCATT 30 K837T ACGGTGAAACAGATCTCGCTACGCCGATCA 30

K838 solA K838S TGAGATCGTAATGCATTTTTTTCTCTCTGC 30 K838T TATAAATCTTAGATCTAGAAATTTATCTGT 30

K839 273#4/ydcS/b1440 K839S GGCAGGCACTAGATCTTTATCTGCCTGCGG 30 K839T CAAATGTCTTATGCATAAGGTCTTACTCCT 30

K841 273#6/ydcU/b1442 K841S CTCAAATTGCAGATCTAGATGCAGCTGGAA 30 K841T ATACATTCATATGCATTCACCTCTCCTCAA 30

K842 (potC)/ydcV/b1443 K842S AAGCCTATGCAGATCTGTTATTGCTGGCAA 30 K842T CGCGTTCAGAATGCATCGAACGCTCCCAGA 30

K843 ydcW/b1444 K843S ATTTCGCTGTAGATCTTGCTGCCCATTGCG 30 K843T GTAACTTATGATGCATAGCATATTCCTGTA 30



K846 thrS K846S GAGTTATAACATGCATTTTATATCCTTATT 30 K846T TCGCCTTATAAGATCTTGGAGGTTTTGAGG 30

K847 1A1D/yedO/dcyD K847S CGCCCTTTTTATGCATTATGCTGATTATTT 30 K847T TAAACGTATTAGATCTGTGATTAATCAGGT 30

K848 yfbQ K848S TAAGGGTCATAGATCTTTATCTGATGCAAA 30 K848T TTTCAATGGGATGCATGAATCTTGACCTTT 30

K849 cysK K849S CCTGGTATCTAGATCTCGCAATTGTATTAC 30 K849T CAAAAATCTTATGCATGGCCTGTCCTTAAC 30

K850 cysM K850S GTTCTAATGTATGCATGATCTCTATCCATA 30 K850T CGCTGACGGTAGATCTGCATGGCGACGATG 30

K851 glyA K851S TTTCACGCTTATGCATCCGCATCTCCTGAC 30 K851T TTGATGTATCAGATCTGCATCTTATAAAAA 30

K852 pssA K852S TTACCGCTACAGATCTGAGATCAACGAATT 30 K852T ATTTTGACAAATGCATAGTGCATTTCTTCT 30

K853 cysC K853S CGTCATGCAGATGCATTATTTATCCCCCAG 30 K853T CGGAGAAGCGAGATCTCTGGTGCTGACGGA 30

K854 cysN K854S CAAGTGCGGTATGCATCTTAAAAATACCCC 30 K854T TCGGTGGTGCAGATCTTGACGAAGAGAAAT 30

K855 cysD K855S GTCGTATTTGATGCATAACCGTTCCTTTGC 30 K855T CGATTATCGCAGATCTTATAAATATACCGA 30

K856 cysH K856S GATCGAGTTTATGCATAGATTCCTCACTGT 30 K856T CACGCCGCAGAGATCTAACTCGATGGCTTG 30

K857 cysI K857S GATGTTTTTCATGCATTAGTAGACATCTCG 30 K857T CGTGGAAGAAAGATCTGAAGTCCGCGTATT 30

K858 cysJ K858S GGACCTGTGTATGCATGCGTCGTTATGTTC 30 K858T CTCGTAGGTTAGATCTAACGCCGCTTTTAG 30

K859 gcvP K859S TTAACGTCTGATGCATGAGCGATGGTTCCT 30 K859T ATTGATTGATAGATCTCGTACCAGCAGAAC 30

K860 serA K860S GCGATACCTTATGCATTTACCCAATCCTGT 30 K860T GAAGTTATCCAGATCTCACGTAGTGCAGTG 30

K861 metC K861S TGAGCAAATGAGATCTTAAGCTTTTGCTAC 30 K861T GCTTTTTGTCATGCATGTCGGGATTCCTGT 30

K862 yhaP/tdcG K862S CGTTGTAATCATGCATTTTCAGCAGTTCAC 30 K862T TTTCAAAATTAGATCTGGTCCCTCCAGTTC 30

K863 yhaQ K863S CACTAATCATATGCATACCCTCGGATTGCC 30 K863T GAACAGCAACAGATCTTTATTTCACGTACC 30

K864 yhaD K864S GATTGCAATAATGCATCCGGGCACGACGTC 30 K864T GACGGTACGCAGATCTTGATGGTGGGCGGC 30

K865 yhaE K865S TAGTCATATCATGCATCTCTCTTGTTGCGG 30 K865T AGGCCATCTCAGATCTGCATCACACCCGGA 30

K866 yhaF/graL K866S AAACATCGTTATGCATCGCTTATACCTTTG 30 K866T CAGGAAAAAGAGATCTCGATTCTGAAAGTG 30

K867 yhaU/graP K867S CGGTGTCCAGATGCATTTTATTTACCTCGG 30 K867T GTTCAATTAAAGATCTCCCATCCGGAAAAC 30

K868 asd K868S AACCAACATTATGCATAAGCGTTTTTTTCC 30 K868T CACGATAAATAGATCTTCACCTGCCGGAAG 30

K869 glyS K869S AAGTTTTCTCATGCATAGCCGCCTCTTACT 30 K869T TGGCTGAACGAGATCTAAGTGACGCAGTTC 30

K870 glyQ K870S TATCAAACTTATGCATATTATTTCGTGCTG 30 K870T GCGCACTGGAAGATCTTGAGTTTTATCACT 30

K871 cysE K871S GTTCTTCACAATGCATTGCTTACTCCACAC 30 K871T AAAACGTTATAGATCTTGGTGCGGGGATGT 30

K872 kbl K872S AAAATTCTCCATGCATTGCGATTCTCCAGA 30 K872T GTTCACAGCAAGATCTGAAAGAATTCTATA 30

K873 ilvD K873S GGTGGGTAGCAGATCTCGCCGCCACGGTTA 30 K873T GCCATATTACATGCATGAGTGGTGGTGGCG 30

K874 ilvY K874S GATCGCGTAAATGCATAGGGACAGCCCTCG 30 K874T TCATCAGTGGAGATCTGGTGCGCACTACAT 30

K875 metL K875S GGACGTTGTCAGATCTCTGGCCTGGTGGGC 30 K875T GCGCAATCACATGCATTTTTACCCCTTGTT 30

K876 lysC K876S CAACAATTTCATGCATAACTACCTCGTGTC 30 K876T CTCTTCTGATAGATCTAATTGTGACTTTGG 30

K877 serB K877S TCCGTTTTTAAGATCTATTGGCTCGACAAT 30 K877T AGGTAATGTTATGCATTAAGGCTCCTGTAA 30

K878 cysM K878S GTTCTAATGTATGCATGATCTCTATCCATA 30 K878T CGCTGACGGTAGATCTGCATGGCGACGATG 30

K879 cysA K879S CAATCTCAATATGCATGATGTTCCTCCTGC 30 K879T CCGGTCTGGTAGATCTGCTGTTCTACGGCT 30

K880 cysW K880S CCGGCCAGGAATGCATAATTTGCAGGTTAT 30 K880T TGCTTCGGTGAGATCTGCGGCATCTCTGCT 30

K881 cysU K881S GGAGACAGCAATGCATAGTTACGCCCCGCC 30 K881T CGCAGCGGATAGATCTGACGGTGGTGACAA 30

K882 yfiK K882S ATCATTCAGTAGATCTTCACGGATCACGTA 30 K882T AAAGGGTCGGATGCATTTGTTATCTCCTCT 30

K883 ydeD K883S GCAAACCGGCATGCATCAGCGGTGGCATGT 30 K883T AGCGTTTCTTAGATCTCTTATCCGCCAGGA 30

K884 ybjZ K884S TCTGCAAGGCAGATCTGTGATTGCCGCACA 30 K884T CGAGCAAAGGATGCATTGTGCAGCTCCTGG 30

K885 macA/b0878/213#3 K885S CTTCGCCAGTAGATCTCCGGGGGTATTCAA 30 K885T ATACTCCATAATGCATTCCGGGTCATTAAC 30

K886 cydC K886S GTAGCAAAGCATGCATTTAAATCTCCTCCT 30 K886T ACCAGTTAGAAGATCTTGCTGACTGGGATG 30

K887 metB K887S ATTTCGTCGCAGATCTCTTTACGCAGATCG 30 K887T CCTGTTTACGATGCATGTGATGAAGTTCCC 30

K888 betI K888S TCCCCAATTTATGCATTTTCGCCACTCCAT 30 K888T GTCCCGCGCCAGATCTCGGCTGCATATACT 30

M001 deaD M001S CGATGCATGTAGTACGTGTGCCTCAAAATTAATG 34 M001T GAAGATCTCTTTATCTCGCCGAGCAGAAG 29

M002 rnc M002S CGATGCATGCGATACCAATAAATAAATGCGTC 32 M002T GAAGATCTCAGGTGGGGATGTATTACCAG 29

M003 rnt M003S GAAGATCTACTGGGGCGTGGATAAATACG 29 M003T CGATGCATCTGATTCTCTTAATACGGATAAATTG 34

M004 rho M004S GAAGATCTCCGTGCAAAATGATCGCCCC 28 M004T CGATGCATAGTGGTGTGAGTTCTTAAACTTG 31

M005 rtcB M005S CGATGCATTTTGTTTTTCTCTTTTCGTTGTTTGC 34 M005T GAAGATCTTCAACGCTCACCACTTCTGTTTC 31

M006 bglG M006S CGATGCATAGCAAGGACCTTTTTTATAAACAAAAAAAC 38 M006T GAAGATCTCGTACTTACTGCGCTGTTCTG 29

M008 rna M008S CGATG CATAATGGGTGTGGAACTCATACATAC 32 M008T GAAGATCTGTTGTGATGGCTAACGGCCTG 29

M009 rnb M009S CGATGCATAATTGTCTATTTTGGTGGCCATTAG 33 M009T GAAGATCTCGCGTCACTGTTTGCTGATG 28

M010 rne M010S CGATGCATCGTAACTTACTCATTATTCTTACATTG 35 M010T GAAGATCTGTGGCGAAACCGCCTCTTC 28

M011 Ihr M011S GAAGATCTGTAACCGCGCCATTATGGTGG 29 M011T CGATGCATTAACGCTATTCCCCGTGAATATC 31

M012 nusA M012S GAAGATCTGCCTGGATTTCCGCTCTCAC 28 M012T CGATGCATCGCGGGCTTTTCACCTC 25

M013 rnd M013S CGATGCATCAAATTGTTTTCTCTTTAGTGGGC 32 M013T GAAGATCTGATTCCTGCGCATTGTCGATC 29

M014 rnhA M014S CGATGCATCTCTGGTAGACTTCCTGTAATTGAAT 34 M014T GAAGATCTGCGTTATGGATCACCAACTCC 29

M015 rnr(vacB) M015S GAAGATCTCGACACAGCTTGTGGCTGGTT 29 M015T CGATGCATCTCGGTTCCTCCGTTGTCATCT 30

M016 rph M016S CGATGCAT ATTGAAATCTCCGGCTTGAAACAAATG 35 M016T GAAGATCTTTCAGCGGCAATGGCGTCAAG 29

M017 orn M017S GAAGATCTACAATGACAATCTGGTCGATGTTGG 33 M017T CGATGCATGCTATTTTCCACCCATTCACAGTG 32

M018 rnhB M018S GAAGATCTGGTGCTCGCATTTCTGCCTT 28 M018T CGATGCATTGTGCTAACTCCAGAACGGCTT 30

M019 hrpB M019S GAAGATCTGGAGGCGTAAAGGGTGAACTC 29 M019T CGATGCATAAAACGCTCCAGAGGGTTAACATTC 33

M020 hrpA M020S GAAGATCTCAGACCTTCCGGACCGTTCT 28 M020T CGATGCATAACGTTAGTGGGCAGTAGTCTG 30

M021 asr M021S GAAGATCT ACGCTGGGTGGTGTTTTCTGG 29 M021T CGATGCATTGTCATACCCTCAATTTGTTTTTTCATTTAAC 32

M026 dsrA M026S GGAATTCTCATCACCTTATCCGCAATTTTTTTCG 34 M026T GAAGATCTGGCAATCAGCGGTAAACCTTG 29

M031 greA M031S CGATGCATTTGTTATACCTCTTGAATATTCCTGATAG 37 M031T GAAGATCTGCCGTTTTCCACATTGCCTTTG 30

M032 greB M032S GAAGATCTTACGATACGGTCCACTTCTTCC 30 M032T CGATGCAT CTCGTTGATTCCCTTTGTCTGTTTG 33

M041 nusB M041S GAAGATCTATCACCATCGCGCGTTTCAAC 29 M041T CGATGCATGGATTTCCCCTTACTAATTTCAGG 32

M044 oxyS M044S GAAGATCTGGCTTGCCATCTCTTTAAGGAC 30 M044T GGAATTCTGTGAGCAATTATCAGTCAGAATGC 32

M045 pth M045S CGATGCATGTTTTTTTGTCCTGAGTGTGTACATAAC 36 M045T GAAGATCTACGTTTGTCATAGTGGCGAACC 30

M047 rbfA M047S CGATGCATAATAAATTCTCCTGACAAAAAAGGGGC 35 M047T GAAGATCTATTGAAGCGGAAAGCCTGGATC 30

M049 relB M049S CGATGCATGTCTTACACCTCTTGTAATTACAAATGTC 35 M049T GAAGATCTTCAGATTGTTTTCCTCGCGGG 29

M050 rhlB M050S CGATGCAT AGTGTGGTAGAATATCAGCTTACTATTG 36 M050T GAAGATCTGGGCACCCGAACATGAAATTC 29

M059 rpoB M059S GAAGATCTACCTGGAAGCTCTGCTGGTTG 29 M059T CGATGCATTAGCTTTGCTCCTGGATGTTTGC 31

M061 rpoD M061S GAAGATCTGCCCTTCCATATGGTGTACAG 29 M061T CGATGCATGTGCCTCTCACCTTTGATTAATTC 32

M062 rpoE M062S CGATGCAT CCGAGGTAAAGTCTCCCCAAACC 30 M062T GAAGATCTGGGCCTTTACTTAGAACGATGAC 31

M063 rpoH M063S CGATGCAT TCAAATCCTCTCAATCGATATCTTCTG 35 M063T GAAGATCTAACTGATTGGTGCGACAGATGG 30

M064 rpoN M064S GAAGATCTCAGGAAGCCTCCATTTTCCGT 29 M064T CGATGCATGGTTCAGAATCGTACTCTCCTGC 30

M066 rrsA/rrlA/rrfA M066S GGAATTCAAAAGTTTGACGCTCAAAGAATTAAACTTC 38 M066T GAAGATCTGCGCAAAGAAGTTGTCTATACCG 31

M076 rtcR M076S GAAGATCTAGGTTTTCAGGCAGGTCTTCC 29 M076T CGATGCATCTTAGATATCCTTATAAAAGACGATATTTCA 39

M079 ssrA M079S GAAGATCT AAGAGTTCGAAGCGGGACTTG 29 M079T !GAATTCGCAATGGGATGGCAACATTTGTG 30

M090 ycgI M090S GAAGATCTAGAAGCAGGGAGTGAGTATTGTC 31 M090T CGATGCATAAGCTAACATCAATGAAACCCGCG 32

N001 otsA N001S CGATGCATAGTCATCACTCCTGTTATTTTCTC 32 N001T TCAGATCTGGCCACAAATGGCG 22

N002 otsB N002S CGATGCATCCGGTTCTCCTCCTTCTCTTTTC 31 N002T GAAGATCTGACGTCGATTGGTTATGAGCTG 30

N003 aldB N003S CGATGCATGATCGTCTCCTTGCGGTG 26 N003T GAAGATCTGTAAAAACGACGCGGAAGGTGC 28

N004 appY N004S GAAGATCTGTTTGATGTTATGCTTTTGCGCCC 32 N004T CGATGCATCTTGCACCTATCATAAAATTAAAACAAG 36

N005 cfa N005S GAAGATCTGCAAGTCTGGTAGTTTCCTGGC 30 N005T CGATGCATAGTTTCTCCATCACTGGTCG 28

N006 csgB N006S GAAGATCTAAACGTTCTTGTTTTTTCTCCACACC 34 N006T CGATGCATGTTGTCACCCTGGACCTG 26

N007 htrE N007S CGATGCATAAACCATCCCTGATAGAGTTAATTAAAAC 37 N007T GAAGATCTGCACGGCTAAAATGACCTTCGG 30

N008 glgS N008S CGATGCATAAGCACATCCTCCGGTTATC 28 N008T GAAGATCTGAGCATGTGACCGCAGATAAGC 30

N009 ihfA N009S CGATGCATAGGTTCAATCCCTCAATGATGC 30 N009T GAAGATCTCGAAGAGCACTGGAACCTGG 28

N010 osmC N010S GAAGATCTAACATAGTGATTCTCCGTGTCTGTG 33 N010T CGATGCATTGTTGCTCTCCTGTGGGC 26

N011 osmE N011S CGATGCATATTCCGTCCTCTTGTTTATCAGC 31 N011T GAAGATCTCGGATAAGTTTGCAGGTAGCTTTTC 33

N012 poxB N012S CGATGCATGGTTCTCCATCTCCTGAATG 28 N012T GAAGATCTCCGGCACGAGAATTTTACGCC 29

N013 proP N013S GAAGATCTGTTGTTGCTGGGTGATTTGCTCG 31 N013T CGATGCATAGCTTTCCTCGCAGAGTTG 27



N014 proV N014S GAAGATCTGTGGGCTGACGATGTGAAAGC 29 N014T CGATGCATGCAATAGAAAGATTCCTTTATTTGTCTATG 38

N015 rob N015S CGATGCATAAAATATCCTCATCCTTTCAACAACG 34 N015T GAAGATCTCAATCCCCCTTTAATACCACCG 30

N016 rpoS N016S CGATGCATAAGGTGGCTCCTACCCG 25 N016T GAAGATCTCTGGATTACTGGCAACGATTTCC 31

N017 sodC N017S CGATGCATAGGACCTCCGTTCATTGTG 27 N017T GAAGATCTCTCGACCAACTACAACAACTGC 30

N018 treA N018S CGATGCATCAATCATTCTCCTTTGGCGAAAC 31 N018T GAAGATCTGCGATACAACCAGAAGAAACGC 30

N019 xthA N019S GAAGATCTGCATTTAAAGTGCATATAAAGTGAATACG 37 N019T ACATGCATGCATAGTCGCTGCCATTTATTCAGATAAAG 34

N021 ftsQ N021S GAAGATCTGGGCTTTCAGAAAGTGTTTATCGC 32 N021T CGATGCATATTAGTCCGCCAGTTCCAG 27

N022 hdeA N022S ACATGCATGCATCGTAATATCCTCAACTATAAAGTGAAAG 40 N022T GAAGATCTCCAGAGACGAACGGGAAACTG 29

N023 osmB N023S CGATGCATAATACTCTCTCCTGAATTTATGATTCAC 36 N023T GAAGATCTGAAAAAAAGCGAAAGTATGGTTGGCC 34

N024 adhE N024S CGATGCATAATGCTCTCCTGATAATGTTAAAC 32 N024T GAAGATCTTAGTTTTGTTTCGCGCTGCCG 29

N025 clpA N025S GAAGATCTGACAAGGGGCAGGTATGAATC 29 N025T CGATGCATAGGCACCTCCCCCAATTTTTATG 31

N026 gadA N026S CGATGCATTTCGAACTCCTTAAATTTATTTGAAGG 35 N026T GAAGATCTAATTGCGTCAGAAAGTACCCGG 30

N027 gadB N027S CGATGCATTTTAAACTCCTTAAAATGATTGGATCG 35 N027T GAAGATCTGCCAAAATAATAACAGCCCCGTC 31

N028 glpD N028S GAAGATCTTATAGACCACATAGTAGCCCTG 30 N028T CGATGCATGCTGCCCTCATTCACTTTC 27

N029 hlpA N029S GAAGATCTCCGCATCAGGCCAGTAATTATG 30 N029T CGATGCATAATAAACTCCTTACCATCCCATTTGC 34

N031 modA N031S GAAGATCTAAAACGAACGCCACGCAAAGC 29 N031T CGATGCATTGGTAACCCCTTAATGTAACG 29

N032 ompC N032S CGATGCATGTTATTAACCCTCTGTTATATGCC 32 N032T GAAGATCTGAGGCATCCGGTTGAAATAGG 29

N033 ompX N033S GAAGATCTCAGCGTTCCTAATGCCAGACG 29 N033T CGATGCATAACCACCTCAAATGTGATTCAAATAAG 35

N034 pspA N034S GAGGATCCCCCGCTTCGTGACCAAACAG 28 N034T CGATGCATAATGTTGTCCTCTTGATTTCTGC 31

N035 slp N035S GAAGATCTCTTTACGACACTCTCCCGATAC 30 N035T CGATGCATGTTACTATCCTTATCAACAAATATTAAAAC 38

N036 ssnA N036S GAAGATCTGCGGAAATCTATCAACGTAAAGGC 32 N036T CGATGCATGATTACACCTCCACGCG 25

N037 treF N037S GAAGATCTGGCCTGTTTACTGCGTTTATTATC 32 N037T CGATGCATAAGGATCCAACCTCCGAAATTC 30

N038 uspB N038S CGATGCATACCTCCTCCCCGGCGACC 26 N038T GAAGATCTCCGGTGTATAGGTCAGAGTAG 29

N039 acnA N039S GAAGATCTTGATGGCGATTATATGAGGTTAGC 32 N039T CGATGCATAGCTCCTCCTTAATGACAGG 28

N040 cspD N040S CGATGCATGCTTCGACATCCTTCGC 25 N040T GAAGATCTCACGTCAATAACAAACTCCATCGG 32

N041 galE N041S CGATGCATAATTCGCTCCATTAGGCTTATGG 31 N041T GAAGATCTTGTTTGTTTCGCACCACGCTG 29

N042 gatY N042S CGATGCATATCCTGTCGTTTGTTTTCGATTTC 32 N042T GAAGATCTGCGTGAAACTGATTAACGCCG 29

N043 glgC N043S CGATGCATGACTAACTCCTTTTTTATCATCTCTG 34 N043T GAAGATCTTTAATCTCGTCACCGCGCATG 29

N044 hns N044S CGATGCAT TGTAGTAATCTCAAACTTATATTGGGG 35 N044T GAAGATCTGTGGGTATATGCGTTCTCCCTTAC 32

N045 hyaA N045S GAAGATCTCATTAAGCAAATATAACGCCCTGAG 33 N045T CGATGCATATCGCACGTCTCTCCTCC 26

N046 rbsB N046S GAAGATCTCCGATCTGTTTGGCTGGTTTGG 30 N046T CGATGCATATTCAAGATGTCCTGTAGTCG 29

N047 rbsD N047S GAAGATCTTATTGCATGAGCGGGTCGATTC 30 N047T CGATGCATTTTTTTCTCCATCAGCGAAACG 30

N048 slyD N048S CGATGCATGATATCTCCTGAGCATGGG 27 N048T GAAGATCTCATGCCGATACCGTACAAATTTC 31

N049 stpA N049S CGATGCAT AATAAAGAAAACCTTTTAACGCCAAAAC 36 N049T GAAGATCTTAAATCAATTAGATATGGCCTTACC 33

N050 wrbA N050S CGATGCATTTCTAACCACTCCTCGTGTTATC 31 N050T GAAGATCTTTTTGCCGTGACTGCTCTTACCAC 32

N052 ahpC N052S GAAGATCTCATTAATTTGTCCTTTTCAGTCAGTGC 35 N052T CGATGCATCTATACTTCCTCCGTGTTTTC 29

N053 cpxP N053S GAAGATCTGTTTTGCTGTTGCTCGCTCC 28 N053T CGATGCATCATTTGCTCCCAAAATCTTTCTG 31

N054 csiE N054S GAAGATCTCCCGCTTTTACTCATTCACGG 29 N054T CGATGCATAATTGATAAGAATAGCTAAAGTTTGCTC 36

N055 cspC N055S CGATGCATTTGAAAAATTCCTTAGATTGTTTTCTTCG 37 N055T GAAGATCTGTTTAAGTATCTGCCTGAACTGGC 32

N056 cspE N056S GAAGATCTATGGGAAAGTACCTGGCGAC 28 N056T CGATGCATCAAAATTACCTTTACATGAAAAATAGACAC 38

N057 gabP N057S GAAGATCTAAAGACGGATTGCTGGCGATAG 30 N057T CGATGCATCCTGAATCCTCTCGAAAGTG 28

N058 gor N058S GAAGATCTGTGCGCGTGTCGAAAAAGCC 28 N058T CGATGCATGACAAAGTGTCCTTATCGTTG 29

N059 guaB N059S CGATGCATGGGCAATATCTCGACCAG 26 N059T GAAGATCTGGCGGTGTCGTCTTTGAGTG 28

N060 katG N060S GAGGATCCGAGTTACGCGATTTGCCATACG 30 N060T CGATGCATCAATGTGCTCCCCTCTAC 26

N061 oxyR N061S GAAGATCTGTCAGGTGATTGACGAAGATGTC 31 N061T CGATGCATTATCCATCCTCCATCGCC 26

N062 pcm N062S CGATGCATTGCGTGCCAACTCCCAC 25 N062T GAAGATCTGTGAATGCTCTGATGCGTCC 28

N064 leuA N064S CGATGCATGGTTTGGGTCCTTGTCTCTTTTAG 32 N064T GAAGATCT GCATTAATTCTTAACATTAATTGATCAATAATATTCAC 46

N065 phoH N065S CGGGATCCGTACAAAAAAGGCTCAATGGCGAAG 33 N065T CGATGCATCATCCGCGATCTCCATAGTGAC 30

N066 ldhA N066S CGATGCATCATAAGACTTTCTCCAGTGATGTTGAATC 37 N066T GAAGATCTCAATTTCGCCAGACAAGCAGAATC 32

N067 hdhA N067S CGATGCATCATATAAACCTCCTGTGAACTTCAG 33 N067T GAAGATCTGATGATGTTGATACGGTTCGCC 30

N068 nrdD N068S CGATGCATCATGATCGCTCCATATTTTTAAGAACAG 36 N068T GAAGATCT CGAAGAAGCCTCACCACAACC 29

N069 tag N069S GAAGATCT CGTAATGTAATGCCGCGACCG 29 N069T CGATGCATCATACTTTCCCTCGCTATGTACC 31

N070 msyB N070S CGATGCATCATCACGATTCTCCCTTTGAGTTG 32 N070T GAAGATCTGAACTGGCGGGTAACGTCAG 28

N071 metE N071S GAAGATCTGCTATGGCACTCAATGGCAATG 30 N071T CGATGCATCATTTTTTCTTCCTCTAATTATATGTAAATCCTATG 44

N072 metK N072S GAAGATCTATCCTGAGAAGCGCCGAGATG 29 N072T CGATGCATCATATTTAATATCACCTAAAGAGAATTTGGTTAG 42

N073 cyoA N073S CGATGCATCATTTAACGACCTCAATTCCACGG 32 N073T GAAGATCTCGTGCTTGGTGGTTTGCTGG 28

N074 purB N074S CGATGCATCATAGATCACAACTCCGGGG 28 N074T GAAGATCTTGTGATGCCGATGCGCTACAC 29

N075 purF N075S CGATGCATCATACGTCTTTTTCCTCGTTAAGCC 33 N075T GAAGATCTGACAGGGCGTAAAATCGTGGG 29

N076 purT N076S GAAGATCTGCTGGTTTCATTATTGGCAGCG 30 N076T CGATGCATCATAACGAATATCCCCTGATTAATTCC 35

N077 entB N077S GAAGATCTTATGGGTTGCCGATGCCGAAG 29 N077T CGATGCATCATCGTGTTCTCTCCTTCAGGC 30

N078 nmpC N078S CGATGCATCATCGTGAGCCCTTTTTTTGAACTATT 35 N078T CGGGATCCATTTCATAACCCCACCTCGCAG 30

N079 relB N079S CGATGCATCATGTCTTACACCTCTTGTAATTACAAATG 38 N079T GAAGATCTTATTTCTGATGTTCCTTCCGGGG 31

N080 fixA N080S GAAGATCTAAGCCAACAAAGTATGCCGACG 30 N080T CGATGCATCATATCGGTGGTGTTAATTACAGATATC 36

N081 hepA N081S CGATGCATATGTGTTCGGCTCTATATCTTTAATTG 35 N081T GAAGATCT CATCTTCCGCAACGAGCCATATC 31

N082 marR/marA N082S GAAGATCT GGGAATCGAAATGCCAAATGTATCC 33 N082T CGATGCATATGGATTAAGCGACCCAATGG 29

N084 ompG N084S GAAGATCT CTGAACACCACCATGATCTACG 30 N084T CGATGCATTATTGTTCCTTGTATTATCCTGGG 32

N085 cspA N085S GAAGATCT CTGTACCGAAATTGAGCAGTTACG 32 N085T CGATGCATAGTGTATTACCTTTAATAATTAAGTGTGC 37

N086 sfmA N086S GAAGATCT GAGCAACTTCAGAGCGCACC 28 N086T CGATGCATATATATTCCTTCAATCTCATTTATCGAC 36

N087 sfmC N087S GAAGATCT GACTGCGATCCTGTTGTTGCC 29 N087T CGATGCATAGTTAATACGCCTTGTGTATTCC 31

N088 aes N088S CGATGCATACAAAAACTCCTTTCAAATTACGTCATTG 37 N088T GAAGATCT CACAGGTAACGATAGGCATAACTG 32

N089 acrR N089S CGATGCATATGTTCGTGAATTTACAGGCGTTAG 28 N089T GAAGATCT CCGCAGTTACCGCAGCATTC 33

N090 fruB N090S CGATGCATAGTTCTCCTCTCTTGCTGAATTG 31 N090T GAAGATCTTGCATGCTGGTCGATCACTGG 29

N091 entC N091S GAAGATCT GGAGCATCAATCGCCAGCAG 28 N091T CGATGCATATCATCCTCCACAAAATGATAAAGG 33

N092 ycfC-purB N092S CGATGCATGTTCACTGCTTCCTTGTTTTAAG 31 N092T GAAGATCT CGTAAATTCCGCGAGTTCCTGG 30

N093 cvpA-purF N093S CGATGCATATGTGTCCCACGATTTTACGC 29 N093T GAAGATCT GCGCTGAAAAATGCCGATAAAGTG 32

N094 csiD N094S GAAGATCTGGAGAACCGCCGAACTATCTC 29 N094T CGATGCATCAGAAGCGATCCTCTTATGAG 29

N096 hdeB N096S CGATGCATTTTGTAACCCATTCAATATAGAGATTATATATG 41 N096T GAAGATCTAGTGTCGAAATTGATTCGTGACGG 32

N097 hdeD N097S GAAGATCTATCCTGAGTACAAGCCTGAACG 30 N097T ACATGCATGCATAGAACCACCCTATAAAATTAAGAAG 37

N098 nlpD N098S CGATGCATTTATCCCCCAGGAAAAATTGG 29 N098T GAAGATCTTGGCGATGGATGGCAAGGTTG 29

N099 sodA N099S GAAGATCTCGCCGATCAAATGCCAAAATATCC 32 N099T CGATGCATATTCATCTCCAGTATTGTCGG 29

N100 sodB N100S GAAGATCTGCAAAAAGCTACGAAAGTGGCAATG 33 N100T CGATGCATTGCTACTCTCCTTTATTATTAATTTGC 35

N101 ybgS N101S CGATGCATAGGATGCTCCTGTTATGGTC 28 N101T GAGGATCCTTTTGCCGCGACAGGATCATG 29

N102 yciF N102S CGATGCATATTTTTCTCCAGTGAAATCACTGC 32 N102T GAAGATCTACGTCATTTTTCCGCCCAACAG 30

N103 yciG N103S CGATGCATGTTATTTCTCCCGTTGCGTTG 29 N103T GAAGATCTGGATCAGGTAAAAGCAGCGATTG 31

N104 yjbJ N104S GAAGATCTGTCGGGGATCGTAGCGTTAC 28 N104T CGATGCATAATCAAGACCTCATCGTTAGG 29

N105 yliH N105S GAAGATCTGTGATTTCCAGCACTTTCGGG 29 N105T CGATGCATACTTCGATCCTCCTCTTCC 27

N107 ycgZ N107S GAAGATCTGCCCGATATATCATTTTAACCTGTTC 34 N107T ACATGCATGCATGCTACGCCTCTGTTAAAAATG 33

N108 ygaU N108S CGATGCATAGCTACCTCATTCGTTAACGG 29 N108T GAAGATCTCGTTTAGGGTGGCTCATTGC 28

N109 yiaG N109S GAAGATCTACACCCACTCAGGCTAACTAC 29 N109T CGATGCATTGAAAACTCCTCAAATCACACTG 31

N110 yifE N110S GAAGATCTTCGAACTGTAAGCCTGTATGGG 30 N110T CGATGCATCCTGCACGCTCCTAATTC 26

N111 fxsA N111S GAAGATCTTGTTTGACATGTGAACCTTCTTTTTCAAG 37 N111T CGATGCATAGGTTTCTCCTGTAATAGCAGC 30

N112 galM N112S CGATGCATTGTCCTGCTCCTTGTGATG 27 N112T GAAGATCTCTGGTTGGCAGCGAATACAACAC 31

N113 htpG N113S GAAGATCTAGTGATCCTCGCCACCAACC 28 N113T CGATGCATGTAGGTCTACCTCAATAATGCC 30

N114 htpY(htgA) N114S GAAGATCTCCGTCCAGAGCGAAATAACCC 29 N114T CGATGCATCGGCAGCGCCTATCG 23



N115 clpP N115S GAAGATCTTGTTGCTCTGGAAGAACAGGCTG 31 N115T CGATGCATTTCCGTCTCCTGGATAAAATTG 30

N116 phoA N116S GAAGATCTGACATGAAAAATCTCATTGCTGAGTTG 35 N116T CGATGCATTTTATTTTCTCCATGTACAAATAC 32

N117 uxuA N117S GAAGATCTCTGGTTGAACCGTTGTTATTTTGGG 33 N117T CGATGCATGATTTTTCCTCTTTCACATAGTGG 32

N118 yceP N118S CGATGCATCATGGCCCCCTAATTCGTG 27 N118T GAAGATCTGAAGTCACCATAGCGAAAACTTCTC 33

N119 livK N119S CGATGCATAGTCAAAAATCCCCATTCGTG 29 N119T GAAGATCTGTAACGAGGAAGGGGAATACTC 30

N120 rpmE N120S GAAGATCTAGTAAAATCGGCAAGGCATGAAACAG 34 N120T CGATGCATGGGAAAACCTCGGTTTAAGG 28

N121 lon N121S GAAGATCTTTAATCTGGAAGGCGTGGATCTG 31 N121T CGATGCATAGAGCTCTCTCTTAGTTTAATTTC 32

N123 hscB N123S CGATGCATAACATTCTCAGGGCTGCG 26 N123T AAGATCTATACCTTTCTGGCTAACCGCG 29

N124 ggt N124S CGATGCATCGTTATTCTCCAGAGATTAAGG 30 N124T GAAGATCTCGTTTCTCCTCTCCGGCAG 27

N125 metA N125S GAAGATCTTGTCAGTTCCGGTGCCATC 27 N125T CGATGCATAACCTGATTACCTCACTACATAC 31

N126 hfq N126S GAAGATCTGCGATAAAAGCCCTGAAAGATGAG 32 N126T CGATGCATTCTCTCTTTTCCTTATATGCTTATTTG 35

N127 kdtA N127S GAAGATCTTTCATCCGTGCAGGTAAACAACG 31 N127T CGATGCATAGTAAATAGCTGACTTATGGATG 31

N128 ibpA N128S CGATGCATAATCAATAGCTCCTGAAATCAG 30 N128T GAAGATCTGGCAGTAAAAGCGTGTCCATC 29

N129 uqpB N129S CGATGCATCGTTTATCTCTCTTGTTGTACCG 31 N129T GAAGATCTGCTTTCCGATACTGGTGATGC 29

N130 ompA N130S CGATGCATTTTTTGCGCCTCGTTATCATCC 30 N130T GAAGATCTGGTGATCGGTTGGTTGGCAG 28

N131 groES N131S GAAGATCTAAAAACAGCCAGCCGGTGAC 28 N131T CGATGCATTGATAACTCTCCTTTGAGAAAGTC 32

N132 flgM N132S CGATGCATGGTTTATTCCTCATTGAGGGC 28 N132T GAAGATCTCAAACTGAAACGCGGACGGC 28

N133 fliF N133S GAAGATCTTTGAGTGAGTTTGCCCCATCC 29 N133T CGATGCATCGCGCACCTCGTGG 22

N134 fliC N134S  CGATGCATGATTCGTTATCCTATATTGCAAGTC 33 N134T GAAGATCTTGGCGGTCTGGAAAGTCGTC 28

N135 fliD N135S GAAGATCTATAGAACTCGACAGCGCAGAC 29 N135T CGATGCATGCGATTTCCTTTTATCTTTCGAC 30

N136 flhD N136S CGATGCATTATTCCCACCCAGAATAACC 28 N136T GAAGATCTTTGAAAATCGCAGCCCCCCTC 29

N137 fliA N137S CGATGCATGATAAACAGCCCTGCGTTATATGAG 33 N137T GAAGATCTGTGTCCAATATGTCGAAAGCGC 30

N138 flgK N138S GAAGATCTGACTGAATATGAAAACGGCGAAGC 32 N138T CGATGCATGGAGGTTCCTTATAAGCCTTC 29

N139 yahA N139S GAAGATCTGAAATTAACGCAACCATTTGTTATTTAAGG 38 N139T CGATGCATGAACACACCTTTATCTTTTATCGC 32

N140 ydhZ N140S CGATGCATTCTTTATACCTATTTATCATGCCAAC 34 N140T GAAGATCTTGAGAAGGATGGGAGAAACTTGC 31

N141 yeaC N141S CGATGCATAATTTTTCCGCTCCTGTGG 27 N141T GAAGATCTAATTTGTCCGAGATGCAGTTTTACG 33

N142 setB(yeiO) N142S GAAGATCTCCTTCTGCTACATTACCGGCC 29 N142T CGATGCATGCTGGTCGATCACTGGAAG 27

N143 ptsH N143S GAAGATCTGTCGATAAAGTCATTGGCATCACC 32 N143T CGATGCATTGTATTTCCCCAACTTATAGGTTTAG 34

N144 epd(gapB) N144S CGATGCATAGATCTCCTGCAAGGTTTTCC 29 N144T CGGGATCCGCTGGAGTTGGCATCTTTCTG 29

N145 mppA N145S GAAGATCTACATCGGGTACAGCAAATCGC 29 N145T CGATGCATTAAAATTGATGCGTAATTATTTGTTTCGC 37

N146 pyrG N146S CGATGCATGCTGAACCTGAGAAGTTAGG 28 N146T GAAGATCTGAGGTGATGTACGAAGCGCG 28

N147 aceB N147S GAAGATCTGAGCTGGCGTAGTCACGG 26 N147T CGATGCATCGTGCAGCTCCTCGTC 24

N148 pckA N148S GAAGATCTCCTGAAGTAATCCGGTAGCAATC 31 N148T CGATGCATTTCACTGCTCCTTAGCCAATATG 31

N149 ppsA N149S CGATGCATCGAACAATCCTTTTGTGATAAATGAAC 35 N149T GAAGATCTAAACGTGGCGATCAACAGCATTATC 33

N150 envR N150S CGATGCATGATTAATTATTCAGGAAATAAATATATTCGAC 40 N150T GAAGATCTGACGTGAGCTTTCTCTTCTCC 29

N151 gltF N151S GAAGATCTGAAGTGCGCGTTGTTTTCTGG 29 N151T CGATGCATATGAACATATCCTTAATAACAAATTT 34

N152 ilvI N152S GAAGATCTGCATGGCAATGATGAGCGTAC 29 N152T CGATGCATGGCCTGCCTCACTGTTTG 26

N153 rhsD N153S GAAGATCTTTAAGGGTAAGGCGCTGTTCAG 30 N153T CGATGCATATAAAGTGCCCTTTTAGTTATTGTTC 34

N154 ybdO N154S CGATGCATACACTACTCCGGTTATATTTTTCTTC 34 N154T GAAGATCTGTGGGTAGATTCTGGCAAAGTG 30

N155 ygcL N155S CGATGCATTTGTTCTCCTTCATATGCTCC 29 N155T GAAGATCTGGATGGGTCTGGCAGGGTAA 28

N156 yjjP N156S CGATGCATAACTCGCCCTTTGTCATAGAC 29 N156T GAAGATCTCATGACCTCTTTTAACCCTGCTTG 32

N157 yjjQ N157S GAAGATCTGCTGATTAATCCTGGTTATCGGG 31 N157T CGATGCATATTTCCTCCACATCCACTGTC 29

N158 exuT N158S GAAGATCTAAAACGATAGTCTTCCGCAATCTG 32 N158T CGATGCATGAAAGTTTCGTGCTAATTCGG 29

N159 yjcR N159S CGATGCATGAGCGCGTCTCAAATAGATTAG 30 N159T GAAGATCTGGACAAGCCAAAATGGCGGATC 30

N160 rplN N160S CGATGCATTTTAGTGCTCCGCTAATGTCAAC 31 N160T GAAGATCTCGTACTCTGCAAGGTCGCG 27

N162 rpsL N162S CGATGCATTAAATAGCTCCTGGTTTTAGCTTTTG 34 N162T GAAGATCTGGTTAGATCCGCAGACACCC 28

N163 rplK N163S GAAGATCTGGGCTTCATCGGCGGTAC 26 N163T CGATGCATTATAAATTCCTCAAGTTGGGTAATAAC 35

N164 rpsA N164S GAAGATCTTCACAAGTCGCGGCATTCC 27 N164T CGATGCATGTTTAATCTTCAGGTTTATATTTAACGTC 37

N165 rpsB N165S GAAGATCTATCATCTCCAGCACTTCGGC 28 N165T CGATGCATGATTAAAACCTCTATATAAAAGTTGGG 35

N166 dnaX N166S GAAGATCTGGGCGTTGGCTTTGTACC 26 N166T CGATGCATTGGCAGGCTCTGAAACG 25

N167 gyrA N167S GAAGATCTCAAAGCCCATATCCAGACC 27 N167T CGATGCATCTAACCGCTATCCCTCTAC  27

N183 sgaT N183S GAAGATCTGTTACCGTGACTTTGTTTGCC 29 N183T CGATGCATTCACTCTAATTTTCAAAAGTAATCAC 33

N184 ycdC N184S GAAGATCTGGCAGCAGTGGCGTAAATC 27 N184T CGATGCATGCGCTCTCCCCTCTTG 24

N185 ycdM N185S GAAGATCTCGTGAGACTTCCAGCTTCAG 28 N185T CGATGCATATCCTTTTCAGCCGCG 24

N186 yjfQ N186S GAAGATCTTTCGACCGTACTGCACTG 26 N186T CGATGCATGAGCTATTCCGATAAAATTTG 29

N187 yjfR N187S GAAGATCTCCGGTTTGAAGGTGCTGG 26 N187T CGATGCATCGCCATTTACCTTCATGATAG 29

N188 ydeK N188S GAAGATCTCATGATGACCGTGGCTGTTAG 29 N188T CGATGCATATAAACGCTCCATATACAAACAATAC 34

N189 ygeR N189S GAAGATCTATCGTCAGTATATCGTGCCCG 29 N189T CGATGCATAATCTTTCCTCGCTTAAAAAACAAGAC 35

N190   xdhA (ygeS) N190S GAAGATCTCCGCCAAAAGCAGTCCAACC 28 N190T CGATGCATGCATGATTCACCCGTAG 25

N191 rhlE N191S GAAGATCTGGGAGATAAACTTGCTGAGGTTG 31 N191T CGATGCATAACTACTCCGAACCGCC 25

N199 yhfM/frlp N199S GAAGATCTTCCTGATGTTCGTGCCAATG 28 N199T CGATGCATGCCGATGTTTTCCGCG 24


